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INTRODUCTION. 



In the Universal Exhibition at Paris in 1867, the 
United States of America occupied a conspicuous 
position. This fact constitutes a sufficient reason 
why France should respond with equal cordiality 
to the invitation tp compete in the Universal Exhi- 
bition at Philadelphia in 1876. 

The Ministry of Public Works has viewed the 
matter in this light, and the same measures have 
been adopted as at the exhibitions of Paris, London 
and Vienna. A commission has been appointed to 
make a collection of models, charts, and drawings, 
adapted to convey some idea of the works of the 
cr Ponts et Ghauss^es -n and the Mines during the last 
few years. 

The great railway companies have been solicited 
to co-operate in this work, and have answered the 
appeal with their usual promptitude. 



II INTRODLCTION. 

it luust however be understood, that the Govern- 
ment leaves to each department the responsibihty 
as well as the merit of its own works. 

Descriptive notices have been added, giving accu- 
rate details of the models, charts, and drawings, and 
the visitor is thus enabled to arrive at a correct ap- 
preciation of the utility and importance of the various 
works exhibited. Such is the object proposed by the 
present volume, which is divided into three parts: 

FIRST PART. <r FONTS ET GHAUSS^BS ^. 

General documents. 

1** Section. — Roads. 

9"** Section. — Railways. 

W^ Section. — iDleraal navigation. 

6'** Section. — Maritime works. 

5'*' Section. — Lighthouses and beacons. 

6''' Section. — Water supply of towns and canals. 

7''' Section. — Various objects. 

SECOND PART. MINES. 

Unique section. — Charts and various objects. 

ADDITIONAL PART. INSTALLATION. 

hiduslrial co-o|)eration in (he installation of the objects 
exhibited by the Minister of Public Works. 
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And finally, in order to place these explanatory 
notices within the comprehension of all , it has been 
decided that the text of this catalogue should be re- 
produced hi an English translation made with the 
greatest care. 

The Ministry of Public Works has confided the 
execution of this task to M. David Coales, transla- 
tor, and it constitutes a separate volume intended 
for American visitors whose knowledge of the French 
language is comparatively limited. 

No space inside the Palace of Philadelphia having 
been placed at the disposal of the Ministry of Public 
Works, they have been induced to construct a spec- 
ial building at their own expense. 

■ • 

The plan of this construction, its artistic deco- 
ration, the grouping of the models, charts, and 
drawings, are due to M. gE Dartein, engineer rrdes 
Ponts et Chaussdes n , professor of architecture at the 
Polytechnic School, and at the rrEcolo des Ponts cl 
(Ihauss^esT^. 

M. Lavoinne, engineer ades Ponts et Cjiaussees^, 
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and M. d'Hervilly, coiiducteur , have been dis- 
patched lo the United States to instai the Public 
Works Exhibition , and are instructed to furnish all 
explanations desired by foreign engineers. 



PREFACE 



BY THE TRANSLATOR. 



In rendering an ordinary work into a foreign lan- 
guage, some latitude is usuaHy conceded with re- 
gard to idiom and construction, and provided that 
the ideas of the author be felicitously expressed, 
the translator is, for the most part, privileged to 
use his own discretion in the choice of words. In 
the present work, which is, properly speaking, the 
scientific expression of France to America, no such 
liberties were permissible, and the translator has 
therefore deemed it an imperative duty to follow 
the French text with rigorous exactness. 

In some instances the French words have been 
retained, there being no English equivalents to desi- 
gnate them with sufficient accuracy. 

This course has been necessary in the Notices on 
internal navigation, and especially in those referring 
to the Mining and Geological sections. In doubtfyl 
cases the French word has been put in a parenthesis. 

The word rrdikeii has been employed to indicate 
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a sea wall constructed entirely of stone, as in the 
port of Marseille , Saint-Jean-de-Luz , etc. 

In conclusion, it need only be said that the best 
authorities have been consulted for a faithful rend- 
ering of the technical words. 

The translator avails himself of this opportunity 
to acknowledge the valuable assistance rendered 
by M. Malezieux, engineer in chief and professor, 
and M. Witcomb, professor of English, both of the 
(T Ecole des Fonts et Ghauss^es n ; likewise by M. Ellis , 
civil engineer. 

Thanks are also due to M. Emmery, inspector ge- 
neral cr des Fonts et Chauss^es n and Inspector of the 
School , for the kindness with which he has afforded 
every facility for the execution of this work. 

David COALES, 
Translator. 



FIRST PART. 



^PONTS ET CHAUSSfiES." 



GENERAL DOCUMENTS 

OK / 

THE LINES OF COMMUNICATION IN FRANCE. 



A map on a scale of ,^^'^^, ( i metre for Sec kilometre*). 

A volume of teit in-8*. 

The lines of communication in France are divided into 
terrestrial, jiuoial and maritime. 

The terrestrial lines comprise roads and railways. 
The roads are subdivided into national and departmental. 
The fluvial communications embrace rivers and canals. 

These different modes are shown on the map in the 
following manner : 

National roads are represented by a dark brown Une; 

Departmental roads by a line of the same colour but nar- 
rower. 

Railways are indicated by a white Une; 

Navigable rivers and canals by a blue tine. 

A conventional representation of the mountains shows 
the summits of the watershed and the large rivers occu- 
pying the intermediate valleys. 

The principal lines of maritime navigation are figured 
by gold tines. 

Various depths of die sea from loo, uoo, and 5oo to 
1,0 00 metres, are ^hown by red tines. 



t . 
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White circles mark the luminous ranges of the different 
lighthouses on the coast. 

The map includes also the principal towns, which are 
distinguished as follows : 

Chief towns of departments are represented by gilt hoi- 
lavD-topped buUona; 

Chief towns of c( arrondissements v by black dots; 

Seaports are shown by Jlal gilt buttons of two sizes; the 
larger buttons indicating particularly the great ports. 

The text, relating to the lines of communication , com- 
prises roads, bridges, railways, rivers, canals, seaports, 
lighthouses and beacons. 

Each of these divisions forms the subject of a special 
chapter, in which are condensed, the principal historical, 
technical, administrative, and commercial facts appertain- 
ing to it, extracted from ofiBcial documents. 

The map has been drawn and painted by M. db Dar- 
TEiN, Government engineer and professor at the ^Ecole 
des Fonts et Chauss^es » , with the assistance of MM. Bod- 
lard and CiEsiELSKi. 

The text has been compiled by M.F^lix Lucas, Govern- 
ment engineer, attached to the ministry of Public Works. 



FIRST SECTION 
ROADS, 



II 

VIADUCT OF DINAN, 

ON THE RANGE. 
(national road n"" 176.) 



Model of Ihree arches, scale of o'",oi^ (one twenty-fiflh). 

This viaduct was built for the national road if 176, 
and is 3i5™,5o in length. It consists of only one stage 
with ten semicircular arches of 1 6 metres span , 1 metre 
in thickness at the key, and 6"',75 in breadth between 
the heads. 

The roadway is &i°',3o above the level of the canal of 
Ille-et-Kance,-and the top of the parapet of the highest 
pier is A9"',i5 above the foundation rock. 

The part of the piers visible, or above ground (the 
foundations being about 10 metres in depth) is 97"*,6o 
in height, of which the basement is 7",8o, the shaft or 
body, 1 8", 4 0, and the crown i"*,4o. 

The piers are vertical, and have a uniform section of 
& metres by 6'*,65; they are flanked by small buttresses 
9 metres in breadth, with a projection of o™,&o under 
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the cornice and i'",76 at the base, thus giving a diminu- 
tion or tapering of o'",o3/i per metre. 

The abutments are k metres in thickness, G^^fiS in 
breadth, 8 to 9 metres in height, andJiave return walls 
38'",5o in length, on the left, and 81 metres on the right 
bank, forming a total length of 3i5"',5o, of which, the 
length in the clear, between the abutments, is 196 metres. 

Two longitudinal galleries extend between the abut- 
ments , and communicate with each other by openings in 
each pier; they lessen the mass and weight of the ma- 
sonry, and facilitate the inspection and repair of the tops 
of the arches. 

The necessary drainage having been effected by pump- 
ing, the foundations of the piers were laid on the solid 
rock, and are 10 metres in depth. The pressure at the 
top is 6^,5o, at the base level 9''',5o> and on the rock 
8^8 o. 

The cost, including 8i,i9& fr. 37 cent* for the roads 
to the approaches of the viaduct, was 1,0/17,789 fr. 
k 22 cent. , or 1 o3 fr. 6 5 cent, per square metre of elevation. 

The work was accomplished between 18&6 and iSBa, 
under the direction of MM. M^quin and Gaypfibb, chief 
engineers, and M. Fsssaro, resident engineer t^des Fonts 
et GhauRSc^es ». 
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BRIDGE OF ARCOLE, 

Ofi THE SBim, PABI8. 



Model, scale of o'",o6 (ooe twenty-fifth). 

This bridge compriseB only a single iron bay, wilh a 
«paQ of 80 metres and a rise of G'^^iii. The breadth be^ 
tween the balustrades is ao metres, viz la metres for the 
roadway and h metres for each footway. It is composed 
of twelve ribs, of which the intermediate ten are i",33 
apart, and the two outside ones S^'ySo. ^ 

Each of these ribs comprises three distinct parts : a 
lower arch, a string piece, and a rigid spandril uniting 
the arch and the string piece. 

These arches, having a double T section, are o'",38 in 
height at the key and i"',3o at the springing. The vertical 
web o",oi, in thickness, is joined by four angle irons to 
the upper and lower horizontal flanges : these are o'*,53 
in breadth by o™,o&& in thickness, for the four outer 
arches, and o"',09 8 for the eight intermediate arches, 
which are less distant from each other; and are for- 
med of two or three plates of sheet iron, o"',oi5 and 
o°',oi& thick, fastened together by four rows of rivets. 
The arches are also stiffened by a series of T irons, in the 
shape of a polygonal horseshoe, riveted to the web as well 
as to the flanges, with a space between of about i"',5o. 

The string pieces crowning the spandrils are in simple 
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T iron, of which the horizontal flange is 0*^,30 in breadth 
by o™,o 1 5 in thickness; the vertical web is o"',3o in height 
and o"',o 1 in thickness. For about 9 1 metres on each side 
of the key, the web of the string pieces extends to the arch , 
to which it is riveted, so as to form a spandril partly in 
dpenwork. These string pieces penetrate the abutments^ 
and are firmly embedded in the masonry. 

With the exception of the central part, where they are 
formed by an extension of th€ string pieces, thespandrils 
are made of double T iron , arranged to present a series 
of V and W, the tops of the latter being all placed on a 
middle arch , nearly equi-distant from the string piece and 
the exlrados of the large arches. 

The ribs are strongly braced : 

f . By a double series of fifty two T irons, o",ao by 
o°',io, three metres apart, and riveted to the intrados 
and extrados of all the arches; 

9. By a triangulation in zigzag, forfned by forty eight 
fish-bellied connecting bars, and extending between each 
outside arch and the next rib; 

3. By twenty four hollow tubes, crossed by iron bars 
o™,o3 in diameter, and placed perp6ndTcular to each of 
the roses of the spandrils; 

fi. By the flooring in Barlow rails, riveted to each rib. 

This work was constructed in i85& and »855, ac- 
cording to the pJans, and under the superintendence of 
M. OoDRY, engineer «des Fonts et Chaussies?^. 

1,9 00 tons of iron were employed. The cost, by con- 
tract, was 1,1 5o. 000 francs, or about 700 francs the 
superficial metre. 
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SWING BRIDGE AT BREST. 



A model of the bridge on the scale of o'",o9 (one fiftieth). 

A model of the tower and a ila mechanism on the scale of o'",io 

(one tenth). 

Perspective view of the commercial port. 

General arrangement. — This bridge affords communi- 
cation bebveen the towns of Brest and Reooa vrance , se- 
parated by the Penfeld , at a height of n 9 metres above 
the zero of the scale of tides. The clear space above high- 
water mark is t9™,5o. The distance between the facings 
of the abutments is 17/1 metres. The two iron flaps, com- 
posing this length, are supported respectively by a circular 
pier, of which the upper diameter is 1 o^'^Go. The distance 
between the piers, from centre to centre, is 117 metres; 
the clear breadth of the passage is therefore about 106 me- 
tres, when the bridge is open. This breadth is neariiy the 
same as that of the channel which forms the naval port, so 
that the construction of the bridge , which is situated at 
the entrance , has offered no obstacle to the passage of 
ships of war. 

Bridge jloarmg. — The two flaps which carry the floor- 
ing are each 7"t7^ in height at the piers, and I'^^lio at 
the centre extremities. The roadway is 5 metres in breadth, 
and the footways i*",] o. Each flap is formed of two gird- 
ers, each girder being composed of an upper and lower 
piece, T shaped in the section , and braced by uprights and 
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cross-ties in the form X . In the perpendicular of each 
upright , the girders are bound by ties and pairs of dia- 
gonal stays. As the bridge, while turning, is subject to 
deflection, transversal to its length, it was indLspensabie 
to strengthen it considerably in this direction. With this 
view advantage was taken of the flooring. It was made of 
two courses of timber, overlaid so as to cross all the joints , 
and thus constitute an inflexible surface, while under- 
neath , the girders are bound and strengthened by a com- 
plete network of cross-ties and pairs of diagonal stays, 
ext^ending from the centre of rotation the whole length of 
the bridge. 

The breech of each flap is in the form of a chest, and 
contains the counterpoise weight, necessary to preserve 
the equilibrium. The most difficult point in the construc- 
tion of the flaps, was the arrangement of the parts 
above the piers, since it is here that the action of dead 
weight is experienced, as well as other effects due to 
rotation. It was necessary to protect the frame work 
against these strains, and being placed on a bed of fric^ 
tion rollers, it was effect essential to distribute the weight 
as equally as possible upon all the rollers. To effect this 
the division of the girder uprights has been regulated so 
as to correspond with the middle of the friction rollers, 
and thus form four principal points of support, which 
are, strengthened by means of pillars. These pillars are 
bound together by four strong diagonal stays, in addition 
to a sheet iron tower strongly fastened, and having a plat- 
form at the top and bottom. This meeting of parts forms 
a solid foundation , in relation to the girders and friction 



SWING BRIDGE AT BREST. H 

beds, and consequently capable of performing the func- 
tions just indicated. 

Friction tables. — These are the same in principle as the 
railway tm^ntables, bat have a diameter of 9 metres, and 
being subjected to a weight of 600,000 kilogrammes, 
the dimensions are necessarily considerable. There are 
fifty rollers, with an average diameter of o'^fBo, and a 
length of o^'yGo. The tables have been turned with excep- 
tional care, and for this purpose special machinery was 
constructed at Greusot, at a cost of 76,000 francs. 

Machinery of rotation, — The immovable part of the 
turntables is furnished with cogs at its circumference, to 
which a pinion wheel corresponds, having its axis in the 
movable turntable. This pinion is turned by a cog wheel , 
moved by a second pinion, set in the main shaft. This 
last is vertical, and reaches to the flooring of the bridge, 
where it is fitted with a cross head for the capstan bars 
woriced by the bridge men. The rotation finished, the 
capstan head is lowered under the flooring, and the 
bridge is immediately clear for trafiic. This machinery is 
at the same time simple , convenient , and powerful. Simple , 
because the action is neariy direct; convenient, because 
the men can watch the effect of the machinery from the 
top of the bridge ; powerful , because the number of men 
working it, can be increased in c^se of necessity. 

Wedging nuxclmery. — To insure the stability of the 
superstructure, during the traffic, a system of chocks or 
wedges, has been adjusted in front and rear of the flaps. 
In front, they are simply ir6n bolts, which go from the 
end of one flap to the end of the other, thus binding the 
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two together. In the rear, they are levers similar to the 
jaws of a vice in a horizontal position. The point seized 
by these levers, is formed by a piece of cast iron let into 
the solid abutment. On the other hand , the axes of the 
levers hold to the framework of the breech. There are two 
sets of levers to each breech, and two sets of bolts at the 
junction of the flaps. In addition to this, to relieve the 
rollers of the enormous weight to which they are subjec- 
ted, two jack screws have been fixed at the commence- 
ment of the incline of each flap. These screws are sup* 
ported on plates bedded in the- crown of the pier. Each 
of them is intended to raise one of the girders of the flap, 
and is formed of a strong screw fixed to the girder, and a 
female screw, of which the head forms a cog wheel. This 
works on a vertical pinion , with a pulley for an endless 
chain. The chains of the two jack screws of each flap, 
work in a double pulley set in a vertical shaft, which 
moves a jointed capstan; this latter is lowered and kept 
under the flooring of the bridge. The jack screws are 
put in action before the bridge is open for traffic. 

The working. — To work the flaps, the bridge keepers 
begin by withdrawing the bolts in the centre; then the 

« 

wedges and chocks at the abutments. The rotation is 
effected by means of the capstan above mentioned. Id 
perfectly calm weather, with two men at each flap, the 
bridge can be opened or shut in fifteen minutes at most. 
Masonry. — All the stonework has its foundation on 
the solid rock. The facings of the piers are in dressed free- 
stone; those of the abutments are in dressed quarry stone 
with chain courses of dressed ashlar at the angles. 
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Erection of the iron superstructure. — This was effected 
by means of a foot-bridge, the flaps being parallel to the 
channel. The work finished the flaps were brought toge- 
ther at the same level. Platforms had been fixed, for the 
observation of the level of high tides, in adjusting their 
elevation. 

Repairs. — A work like the bridge of Brest, containing 
such a number of pieces adjusted to each other, necessi- 
tated some foresight in respect of damage and wear and 
tear of metal. In this respect, the rollers and friction beds 
are in the same position as the rest of the machinery. It 
was necessary to isolate them, at need, from the pressure 
of the bridge, and arrangements were made for tempo- 
rarily establishing, on the solid piers, and below the 
girders, hydraulic presses, capable of a pressure of 
900,000 kilogrammes. The water is forced into all the 
presses by a single play of the pumps placed in the centre 
of the tower. These pumps are worked by hand like a fire 
engine. During the experiments made at the inaugural 
opening of the bridge , eight men raised the bridge some 
centimetres above the friction rollers in less than ten mi- 
nutes, and all the friction apparatus could be taken to 
pieces and reset without difficulty. 

Plans and constructim. — MM. Cadiat and Oudry exe- 
cuted the first designs of the bridge, but the plan carried 
out is different, and M. Oudry alone is the author. 
All the masonry, wood and iron work was done by 
MM. Schneider and Company of Creusot, of whom M. Ma- 
THiEU is the chief engineer. MM. Maitrot db Varennes and 
AuMAiTRE, engineers in chief «des Ponts et Ghauss^es>7. 
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and RoussBAU , resident engineer, were appointed to the su- 
perintendence of the work. The masonry was sublet to a 
firm in Brest, and executed by M. Letbssibb de LAOiiiTv 
contractor. 

Meagurement. — The weight of metal employed may 
be estimated as follows : 

Ironwork of all descriptions 860,000 kg. 

Fitted CMtingB 34o,ooo 

Total 1,900,000 kg. 

The cubic measurement of the wood, for the road and 
footways, is i5o cubic metres. 

Co9t. — The cost of the bridge over the Penfeld was 
9,118,835 fr. 10 cent. This sum is distributed as fol- 
lows : 

Masonry of piers, abutments and ap- 
proaches 698,7&3',io 

Iron flaps 1,180,990 ,00 

Centres and mounting the flaps. ... 1 19,710 ,00 

Accessory work of flaps 5Ma6 ,90 

Ou acoomit for various expenses. . . . 65,665 ,1 o 

Total 9,ll^,835^lO 



BRIDGE OF SAIIVT-SAUVBUR. 

ON THB GAVE. PAU. 

(IIATIOIIAL BOAD N*" 91.) 



Model one twenly-fifUi, scale of o^fO/i. 

This bridge, which serves the national road n" 91, is 
formed of a single semi-circular arch with a span of 
A a metres. 

Len^ betweea the approBches 66",30 

Breadth between the bridge heads 4 ,90 

Breadth between the outer faces of the balus- 
trades 6, 90 

Thickneas at the key 1 ,&5 

Height of roadway above low water-mark 65 ,60 

The carriage way is /i",5o in width between two 
footways o'^^SS in breadth, the cast iron balustrade in- 
cluded. These footways are corbelled out, and supported 
by brackets. 

The arch rests upon the solid rock , which thus serves 
for abutments. The crowns of the arch, brackets and 
plinths, are in dressed stone; the main body of the vault- 
ing, in rag-stone rubble and Vassy cement; and the span- 
drils in calcareous rubbles, and fat lime, mixed with a 
tenth of Vassy cement. 

For the construction of this bridge it was necessary to 
erect a scaffolding in the river Gave^ and to carry a platform 
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level with the springing of the arch , in order to prevent 
any movement of the centres from their perpendicular. 

This scaffolding was composed of six uprights, two and 
two , in planes parallel to the axis of the bridge ; the three 
uprights of each row being distant 6 metres, from centre 
to centre; two presented in the other direction a diminu- 
tion of o™,o5 per metre, and the distance between them 
at the level of the Gave, was 'j'^yT^, and at the level of the 
springing, & metres. 

These uprights were cross braced by twenty-eight ver- 
tical diagonal stays, twelve perpendicular, and sixteen par- 
allel to the stream; the system was completed by twelve 
horizontal cap-pieces, parallel to the heads of the bridge, 
with eiglit double ties perpendicular to them ; the height 
between the Gave and the springers was thus divided into 
four stages, with a height of 9",5o. Each of the lower 
uprights rested on a post of deal , filled round with a py- 
ramid of cement, two metres in the slope. The uprights 
were o",35 by o"*,35 ; the diagonal stays, o™,3o by o™,q 5 ; 
the cap-pieces, o",35 by o",3o; the ties, o",3o by o",a5 
square* This foundation scaffolding required aao cubic 
metres of pine. 

The horizontal platform, la metres in breadth, was 
formed of cross beams resting on longitudinal beams, on 
the banks and centre piling, and supported by struts. In 
the same manner, this platform was built up to the lower 
part of the centre , in two stages , one 8 metres , the other 
6 metres, together ili metres in height. 

The centering comprised four ribs or frames; the two 
middle ones being i°\8o apart, and I'^Ji'jb from the head 
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centres. Each centre was composed of six beams, o'^fSo 
by o",35 square and 1 1",70 in length, mutually support- 
ing each other, two and two symmetrically, directly, or 
by means of tie-beams. These frames were bound toge- 
ther by two courses of horizontal ties, o",35 by o",9 5 
and i5",8o in length, sixteen queen posts o",3o by 
o'",3o; forty courses of horizontal ties bound the four 
centres together. The cubic measurement of the deal was 
277 metres for the four centres. The centres were re- 
moved by means of jack screws, and the settling observed, 
was o",oo5. 

The works were commenced in i860, by order of the 
emperor Napoleon HI, and the bridge was opened for 
traffic on the 3o^ June 1861. 

The total cost was 3 18,637 francs, of which sum 
121,093 francs were expended in provisional works. 
The superficial metre may be calculated at 98a francs, 
from which must be deducted 373 francs for the provi- 
sional works. 

The bridge was planned and executed by MM. Sghj^rer 
and Marx, engineers in chief, and Bruniqubl, resident 
engineer des c( Fonts et Ghauss^es. » 
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VI 

BRIDGE OF TARASGON, 

ON THE RHdNE. 

( LTON AND MARSEILLE LINE.) 

Model of an abotment, an arch, and a pier, scale of o^fOA 

(one twentj-fillh). 

This work was constructed to form a connection be- 
tween the principal line of the Lyon and Mediterranean 
Railway, and the roads on the right bank of the Rhdne, 
and consists of seven cast iron arches of 60 metres 
span with 5 metres rise. 

Leng^ in the clear belween the abutments A38'",cn 

Breadth between the balustrades 9 f08 

Length of the piers (including the two half-cylinders) 

at the ends 31 ,00 

Breadth of the piers 9 ,00 

Solid mass of concrete at the found^ion },,*,* 

( breadth.. 19 ,70 

Uniform thickness of iron arches j ,70 

The piers, sufficiently thick to form abutments, are 
corbelled out 1 metre at each springing of the arches, 
which gives 62 metres clear between two; the pressure of 
the arches is received by blocks of dressed granite. 
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Each arch is composed of eight ribs i^'^aS apart, ex- 
cept the outer ones, which arc i",35 from the others; and 
each rib is composed of a cast iron arch , fixed to span- 
drils, which support the continuous flooring also, the 
cornices, parapets, ballast and line. 

An arch is' formed of seventeen voussoirs i°',70 in 
height, with a thickness of o",o5; they are provided with 
three courses of flanges o'^^oB thick, but the total breadth 
of the two outer ones is o"',/io, and of the intermediate 
o'^jSo; an average thickness of 0^,096 is thus obtained 
for the voussoirs , which mutually support each other, by 
carefully finished joints o°*,&o in breadth, fastened by 
eight bolts 0*^,0 5 in diameter. The arches are connected 
by a double system of cross ties; the upper bracing is ef- 
fected by strong cast iron frames, forming a grooved pla- 
teau i'",&i5 broad, o"',i8 high and o",oi!i in thickness, 
without including the flanges. They are placed on the 
upper flange of the arches, and, by a dove^tail mortise, 
hold simultaneously the two contiguous voussoirs, and 
rigidly maintain the position of the successive arches. The 
lower bracing, auxiliary to the preceding, only comprises 
half the number of ties, o">695 in breadth by o"',t6 in 
height, leaving the two contiguous voussoirs of the same 
arch perfectly free. The rigidity of this system prevents 
horizontal deflection by change of temperature. 

The spandrils are formed of uprights and frames. The 
uprights, though grooved, are rigid, and have a surface 
of i'^iio; they are placed perpendicular to each joint of 
the voussoirs; the frames, which are lighter and conside- 
rably grooved, vary in length according to the space be- 
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tween the successive staodards. These pieces are supported , 
either on the upper part of the voussoirs, or on the cross- 
ties between the joints. 

The flooring is composed of a series of plates o^'.oiS 
in thickness, curved to ©",09, bolted to each other and to 
the spandriLs. A cast iron cornice and parapet complete the 
upper part of the structure. 

The bed of the river consists of sand, above a stratum, 
of gravel varying in thickness, but washed away by the 
action of the water to a depth of 1 Qietres. 

The piers rest on a solid mass of beton, contained in 
an enclosure of sheet piling, at a depth of 10 metres 
below low water. To drain this enclosure, it was necessary 
to drive a second row of piles 3"*,ao distant from the first, 
and in this space were laid four courses of square blocks 
o'^^'jo in height, and weighing about 6,000 kilogrammes 
each; these blocks prevented the shingle and gravel from 
falling into the excavation. A steam pile-driver was em- 
ployed. 

The weight of a pier is 11,000 tons; then adding 
1,100 tons for castings , 600 tons for ballast, and 3 00 tons 
for the weight of two trains, a total weight is reached of 
1 3,000 tons on the sand, or 5 kilogrammes to the square 
centimetre. 

By means of the numerous tests to which the bridge 
was subjected, at the time of opening, it was ascertained 
that the cross bracing had the efiect of lessening and re- 
gulating the diflbrence of temperature between the arches; 
that the rise at the key was o'",ooi35 per degree centi- 
grade; that the lowering at the key was in proportion to 
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the permanent weight, and o"',oo&75 per hundred tons ; 
and that the addition of rolling weight, resulting from the 
simultaneous passage of two trains, caused a lowering of 
the keys from o",oo5i to o",o 1 1 . • 

The cost of the work was 6,5oo,ooo francs, or about 
i,/i5o francs the superficial metre. A period of five years 
elapsed between the commencement and completion of this 
bridge, but this includes an interruption of eighteen 
months, and it was opened for traffic in 1869. 

This work was constructed by MM. Talabot, engineer 
in chief, and Dbsplages, resident engineer «des Fonts et 
Ghauss^es)9. (See Annaks des PmU et Clmussies, i85A.) 



VII 

IRON VIADUCT OF BUSSEAU-D'AHUN, 

ON THE CREUSE. 

(MOTiTLUgON AND LIMOGES LIBIE.) 



Model of a pier and fraclion of the flooring scale of o'°,o& 

(one tweoly-fiflh). 

General drawing, scale of o"',oo5. 

This viaduct, constructed for the Montlu90D and Li- 
moges railway, crosses the river at b&'^jbo above low 
water-mark , and consists of six bays', four of which have 
a span of 5o metres, one /i5",95, and one &i",q5. 
They are supported by two abutments in masonry and 
five piers in iron framework, resting on basements in ma- 
sonry. 

Total length , including approaches 338'',70 

Length of flooring 386 ,5o 

Height of rails above basement . . . . ; 38 ,90 

Height of girders U ,63 

Breadth between parapets 8 ,00 

( Totel height 33 ,85 

(Iron work. . . I Dimensions at lop a'",oo by 6 ,00 
( Dimensions at haae 3 ,4o by 10 ,30 

in 1 [ Maximum height above foundations. .• 17 ,90 

river. ( w J Dimensions at top a",©© by 6 ,00 

Dimensions at base 1 a ,96 by i5 ,99 

StariingsG^Sri in height. 3 ,89 by 6 ,53 

A pyramidal arrangement has been adopted in these 
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piers; in other words, the standards and basement faces 
converge towards a point in the axis of each pier, at a 
height of SS'^^So above the rails. From this circumstance, 
in addition to the dimensions of the upper plateau, which 
is a rectangle of 3 metres by 6 , it follows that the diminu- 
tion o*",o6'j, in the direction of the stream, is triple the 
diminution o'°,099, in the direction of the railway. 

The iron work of each pier consists of eight cast iron 
pillars in two pier frames. The total height comprises, 
eight annular foot plates i"',3 0, joined by a cast iron ba- 
lustrade of the same height, which also binds the stone- 
work of the basement; seven stages, each /t°',5o in height, 
consisting of standards or hollow pillars bound together by 
diagonal stays, a crown and hinged capital I'^fiS in 
height and supporting the flooring. 

The pillars have a uniform exterior diameter of o'",35 
for all the stages; the thickness of the casting is o"'.o55 
for the first stage; 0^,05 o for the second and third; 
o"',o&«S for the fourth and fifth, and o°',o&o for the two 
last. The successive lengths are joined by four bolts 
0*^,0 & 5 in diameter. The pillars are 9 metres apart at the 
summit, and 3"',&o at the base; the plane of each stage 
consists of three squares in juxtaposition, and this arrange- 
ment is observed throughout in the height of the pier. The 
squares are a metres by 6 at the crown, and S'^y/io by 
1 o'",9o at the basement. The eight columns of each stage 
are braced by pairs of diagonal stays, in the form of Saint- 
Andrew^s cross, six of which connect the pillars of one frame, 
and four unite the two frames to each other. There are also 
fen horizontal braces, six of which are parallel to the axis 
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of the pier in plan, and four |)erpen(licular to it; these are 
all placed at the points of junctions of the successive stages. 
The cross bars are double and arc formed of [I iron o*,i o 
in breadth by o",oi i in thickness, with branches o'^^o^ 
and o'^fO/iB projection. The braces are 0*^,0 5 in depth and 
o**, 1 3 5 in breadth ; they are made of two T irons, arranged 
crosswise, each having o"", 1 5 base, with the same height, 
and 0*^,0 1 3 thickness. The horizontal cross bars, forming 
the diagonals of the three squares constituted at each stage 
by the ten cross braces, are in T iron, with a base o",07 
by o°',oi9 in thickness and a flange o'",o6 by o"',oii. 

To resist the effects of the wind and the traction strain, 
the standards have been strongly secured; for this pur- 
pose vertical rods, o^'yoGto o'",io in diameter, have been 
let into the masonry of the pier 3*%7o to 5°',5o and keyed 
below to plates; they pass through the foot plates, to 
which they are secured at the upper level of the balus- 
trade by screw bolts inside the standards. A sufficient 
initial tension was thus given to these bars, to prevent the 
traction strain from imparling a dangerous oscillation to 
the piers. 

Assuming the most unfavourable circumstances of excess 
weight, expansion, or wind, the maximum strain upon the 
outer standards would be 4^,75 of compression and 0^,09 
extension; while the action on the cross bars would be 
6*^^,3 of extension and on the braces a'v,3. 

The annular foot plates exercise a maximum pressure 
on the crowns of the masonry piers of 48 kilogrammes 
per square centimetre. They rest on three courses of Vol vie 
lava, of which the stones are o™,65 thick and more than 
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9'",3o in surface, so that the pressure transmitted to the 
masonry is reduced to 8 kilogrammes per square centi- 
metre. 

The metallic flooring consists -of four girders, s metres 
apart from centre to centre , and connected so as to form 
a single piece extending from one abutment to the other; 
they are 4", 4 3 in height. 

Each girder is composed of two flanges joined in lattice. 
The flanges are o^'^So in breadth by o^'^o&a in thickness^ 
and are formed of three plates of iron , and two angle 
irons o",9 by o",io, and o",oi6 in thickness, holding 
the lattice. This lattice is made of flat iron bars to resist 
tension, and with double T iron to resist compression; 
they are o"',i5 in breadth and i",Ao apart. The girders 
are additionally strengthened at each standard by strong 
vertical stifloners of double T iron, anfl two or three 
thicknesses of iron plate 0^^,50 in breadlh, o°',qo in table 
and 4'",/i3 in height. 

The vertical bracing is effected by a series of diagonal 
stays 4 metres apart; they are in U iron o", i o by o*",© 1 1 
thick, o™,o/i projection, and crossed at half their height, 
ty a flat iron bar o",o8 by o™,02. Horizontally, the gird- 
ers are fastened by a series of diagonal stays, above and 
below, extending between the two central beams, bind- 
ing the girders two and two, and constituting the diago- 
nals of a succession of squares with sides of a metres. 
The principal abutment girders are only fastened to the 
next girders, by a series of single diagonals or half crosses; 
the U irons of all these crosses are o",io by o",oi i by 
o"',o4 projection. In the perpendicular of each vertical cross 
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is a brace « binding the three girders, and made of T iron 
o™,i95 by o™,i5 and o™,oi3. 

The joists arc 9 metres apart and placed at the top of 
the trellis; they are in T iron with a table of o",i5 by 
o",3o in height by o",oi in thickness, and angle irons 
0^,07 by o"',ot9. Between two of them two strong angle 
irons have been introduced, o^^taS in depth and 
o'",oi25 thick, which are riveted to the lower beams and 
trussing of the longitudinal rail-sleepers. This arrange- 
ment reduces to o",67 the distance between the points 
of support of the flooring, which is composed of runners 
o",i5 in thickness. 

Each girder has only one bearing upon the heads of the 
piers; and this plan has been adopted to avoid the une- 
qual distribution of weight between ihe standards of the 
two pier frames, during the passage of the trains. In fact, 
a single standard would have been subjected, at frequent 
intervals, to a compression of j 83 tons, and immediately 
afterwards, to a tension of 5o tons. Between each girder and 
the crown of the pier, a hinged capital has been interposed, 
forming a single point of support which allows the flooring 
to incline freely, wilh an oscillation of o™,oi 3 in each di- 
rection in the |)erpendicular of each frame, without straining 
its supports. The four capitals of a single pier are o",6a 
in height, and are connected by two round iron bars o"*,07 
in diameter. 

To prevent the additional strain on the standards, 
which would have resulted from the action of the flooring 
upon the piers, during a movement of expansion, friction 
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rollers have been placed on the small piers and on the 
abutments. 

The raising of ihe iron piers was effected by using the 
framing launched from the side, as a service bridge. This 
plan allowed all the parts of the pier to be lowered by 
means of a crane, and placed in position without a scaf- 
folding. 

The total cost amounted to i,5i 6,989 francs, or 
4,478 francs per metre run and 1 26 fr. per square metre 
of elevation, solid parts and spaces taken together. The 
average cost is 2,870 francs per metre of elevation from 
the basement at the rate of 87 francs per square metre; 
3,39 3 francs per metre of elevation for the iron pier, and 
3,705 francs per metre run for the flooring. In the iron 
part of one great pier were employed 1 00 tons of castings, 
at 43 centimes per kilogramme, and 56 tons of wrought 
iron at 60 centimes. The maximum deflection of the bays 
during the tests, was o",o 1 under a uniform excess weight, 
and o",0 2 5 for a bay loaded with 8,000 kilogrammes 
per metre run, between two bays, the one vacant, the 
other weighted with 1,000 kilogrammes per metre run. 

The viaduct was constructed from i863 to i865 un- 
der the direction of MM. Thibion, engineer in chief «des 
Fonts et Ghauss^es » and director of the central lines of the 
Orleans Railway Company, Nordling , engineer in chief, and 
Geoffboy, resident engineer of the same line. The iron 
work was executed by MM. Gail and Company. 



VIII 
IRON VIADUCT OF LA CfeRE. 

(PIGEAG AND AURILLAG LINK.) 



Model of a pier and a fraction of the flooring, scale o'^oA (one Iwenty-fifth). 

General drawing, scale o'*,oo5. 

This viaduct was constructed on the C^re, for the pas- 
sage of the railway from FIgeac to Auriliac, and crosses 
the river at 55",3o above low water-mark. It consists ol 
live iron bays, of which one is &i%35, three 5o metres, 
and one A 5*", a 5, supported by two abutments in masonry, 
and four iron piers, resting on stone basements. 

Total length, including approaches 3o8"',5o 

Length of flooring a36 ,5o 

Height of rails above basement $9 ,og 

Height of ginlers h ,^2 

Breadth between parapets U ,5o 

I Total height 33 ,87 

Dimensions at top 9 "',50 by 5 ,00 

Dimensions at base /j ,60 by 9 ,3o 

I Height above foundations 17 «ao 

Dimensions ( Top 6'",5o by 1 a ,80 

of ellipses. ( Base 8 ,08 by 16 ,16 

This viaduct was planned by the same engineers that 
directed the construction of that of Busseau-d' Ahun , and 
haviog been executed in the same foundries, etc., it pre- 
sents a strong resemblance to it in the details. An impor- 
tant difference between the two consists in the fact of la 
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C^re viaduct being constructed for a single line of rail- 
way, supported by two girders S^^So apart. 

Similarly, the pyramidal form has been adhered to in 
the piers, which are in truncated elliptic cones or octagonal 
pyramids 9 having a common summit Si'^ySo above the 
rails. 

In order to reconcile this form with the broad and 
strong base required, as well as to make the flooring, of 
which the points of support form a rectangle of S'^jBo by 
&9 metres, rest on the polygon formed by the tops of the 
standards, a polygonal arrangement has been adopted in 
plan for the piers. Their section is throughout, an octagon 
composed of a central square, extended by two isosceles tra- 
pezidms, of which the lesser side and height are equal to 
half the side of the square. The dimensions are 5 metres 
by a",5o at the capital, and 9",i o by /i'",6o at the base. 
Consequently the diminution of the intermediate standards 
is o'",o33 in (he direction of the line, and o'",o67 in the 
direction of the stream ; the diminution of the outer stan- 
dards is half this amount. 

The piers are composed of eight standards, or hollow 
cast iron pillars, resting on foot plates, joined by a ba- 
lustrade, and surmounted by a capping and hinged ca- 
pital. The stages, seven in number, are /i'",5o in height; 
the external diameter of the outer pillars is o"',3o, the 
thickness of the iron is o",o&5 for the first stage, o'^yOlio 
for the second, o",o35 for the third and o™,o3o for the 
four upper stages; the thickness for the intermediate stan- 
dards is o™,o3o throughout. 

The standards are connected and braced by diagonal 
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stays atid cross-ties; there are however, two cross bars to a 
stage, on the surfaces parallel to the line, and they are re- 
duced to two half-diagonals on the four chamfered corners. 

The U irons of the cross-pieces are of the same dimen- 
sions as at Busscau-d'Ahun , o", i oo — o^joAo — o*,o 1 1 ; 
the same with the cross-braces, of which the T irons are 
each o",ia5* — o'%i95 — o^jOis; also the horizontal 
crosses in T iron, are o^jOyo, — o*,6o, — o"',oi9. 

Iron bars o^'yio in diameter, pass through the foot 
plates, and are let into the stonework to a depth of 6"',5o. 

Under the most unfavourable conditions, the maximum 
strain of the standards would be ^'^,91 from compression, 
and 1^,37 from extension; the strain of the cross-pieces 
h^yh , and that of the cross-braces 3^,1 . 

The crown of the basements is composed of two and 
three courses of granitic stone, capable of supporting a 
maximum pressure of 97 kilogrammes per square centi- 
metre; the rubble is not required to support more than 
8 kilogrammes. 

The plan adopted for the flooring is identically the 
same as that of the viaduct of Busseau-d'Ahun. The only 
difference to notice is in the number of girders, reduced 
to two for a single line, and the distance between them, 
3",5o instead of *i metres; also as the rails are not per- 
pendicular to the girders, the depth of the joists has been 
increased o"*,io. 

The hinged capitals have also been employed in the 
viaduct of the C^rc, as well as the friction and expansion 
rollers on the small piers and abutments, in the same 
manner as at Busseau-d'Ahun. 
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Finally, the raising of the piers and launching of the 
flooring were effected by similar means. 

The total cost reached 858, 689 francs, or 3,788 francs 
per metre ran, and 85 francs per square metre of eleva- 
tion; the average cost is 1,8 a francs per metre of height 
from the basement, at the rate of 3o francs per square 
metre, — 3,010 francs per metre of height for the iron" 
pier, — i,5oa francs per metre run of the flooring. For 
the metallic part of one pier, 78 tons of cast iron at o^45 
per kilogramme, and 53 tons of wrought iron at o^Gs 
were employed. 

During the tests, under a uniform weight of /i,o 00 ki- 
logrammes per metre run of the flooring, the great piers 
showed a compression of o",oo6, and the middle of the 
bays a lowering of o",oi8, which reduces the deflection 
to o'",oi3 for 5o metres span. 

The construction of the viaduct was accomplished from 
i863 to i865. 

The works, planned by M. Nordling, engineer in chief 
of the Orleans Railway Company, were executed under the 
direction of M. Deglin, engineer in chief t^des Fonts et 
Chauss^esff and of the Company, and of M. Bsbtoux, en- 
gineer of the Company. The iron work was executed by 
the firm of Cail and Company. 



IX 
BRIDGE OF GHALONNES, 

ON THE LOIRE. 

(angers IND NIORT LINE.) 



Model of two arches, three piera and a centre, scale o'toA 

(one twenty-fifth). 

The bridge of Ghalonnes was constructed for the rail- 
way from Angers to Niort , and is composed of seventeen 
elliptic arches of 3o metres span. 

The abutments comprise in addition, two small bays of 
l\ metres for the towing-paths. 

Length bethween exlremities of parapeU 6oi'",5o 

Length in the clear between abutments 566 ,00 

Breadth between bridge heads 8 ,00 

Thickness at key 1 ,35 

Thickness of piers at springings of arches 3 ,5o 

Thickness of piers at base of socle /i ,1 o 

Thickness of abutments 17 ,75 

Height under key from below low water-mark 9 »37 

The spandrils are lightened by two longitudinal arches 
9»,90 in diameter. 

The socles and buttresses form three successive offsets 
of o",i5, o"*,o8 and ©",07, capped by dressed ashlar; 
the rest of the work, to the plinths, is in rubble. The pa- 
rapet » generally pierced, is corbelled out. 
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The bottom of the river consists of sand and shingle, 
resting on schist and coal grit. 

In the first half of the river bed, the rock is horizontal 
at depths of 3™,75 to 4",65 below low water mark; and 
the foundations of the right abutment and the eight first 
piers were laid by means of coffer-dams. 

In the second half of the river bed , the rock dipped suc- 
cessively to 8"", 7 5 at the sixteenth pier, and there the 
foundation was laid on beton run into an enclosure of 
jointed piling. 

The centerings comprised six ribs with five points of 
support, two of which were on the socles, and three on 
the double rows of piles; the settling of the arches, after 
striking the centres, was o°',o5. 

The work was commenced in July i863, and finished 
at the end of i865. 

The cost amounted to 9,1 69,000 francs, or &/17 francs 
per square metre. 

It was planned and executed by MM. Morandi^re, en- 
gineer in chief ^^des Fonts et Ghauss^es» and direc- 
tor of the new works of the Orleans Railway Company; 
Groizbttb-Desnoyers , engineer in chief; Morbad and Du- 
BRBiL, engineers «des Fonts et Ghauss^es?), attached to 
the same Gompany. 



3 



% 



THE PORT-LAUNAY VIADUCT. 

ON THB AULNE. 

(cnATEAULlN AND BREST UN B. ) 



Model representing three arches and four piers, scale o"',o4 

(one Iwenly-fifith). 

This viaduct was constructed for the railway from Gh4- 
teaulin to Brest, and comprises 13 arches of 99 metres 
span. 

Total length between parapels 337"',oo 

Breadth between heads 8 ,5o 

Height above valley US ,60 

Height above ordinary tides 59 ,5o 

Height above foundation rode 54 ,70 

Thickness of piers at springings /i, 80 

Thickness of piers above socles 6 ,t 3 

Thickness of arches at kev 1 ,o5 

The viaduct is situated 5 00 metres above the last lock 
of the Auine, and on a navigable water-course, and this 
fact precluded the construction of two superposed stages, 
and also the support of the piers by smaller arches. 

Above the foundation, the depth of which varies, each 
pier is composed of a socle 10 metres in height, and a 
shaft 4^,80 in thickness at the springings and 93",3o in 
height; the faces have a diminution of o"*,0 9 in the di- 
rection of the length of the viaduct, and o"',o3 in that of 
its breadth. The base of the shaft has a set-off above the 
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socle, o'",do in breadth and o"',io in length. The base- 
ments, which are rectangular for the valley piers, are 
rounded off in the form of starlings for the river piers. 

Above the basements, the buttresses support the piers 
and rise to the crown of the work ; their breadth through* 
out is equal to half the thickness of the piers , and they 
have consequently a diminution of o^'.o i . In the direction 
perpendicular to the heads, their diminution is o'",07, 
they also form two set-offs of o"',90 at the base of the 
shaft, and o"',5o at its summit, where they have a capping 
o",8o in height and o",ao projection. 

From these arrangements taken collectively, result the 
following dimensions for the piers and buttresses. 



Below plinlh. . , . 

At spriogings 

At springings (saromit of 
shaft) 

At base of shaft. 

At base of shaft (top of 
sode) 

At base of sode 
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The abutments are about 90 metres in length by 
90 metres in height; and recesses 1 i",3o by 5", 30 have 
been formed in them , and covered by arches* 

The solid masonry is all in rough stone, the facings 
visible are in rustic work, and several iron armatures bind 

3. 
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the upper courses of the voussoirs and spandriis. Threes 
small relieving arches of i"*, 30 span, built on the haunches 
of the great arches, are supported by the spandril walls 
and two longitudinal walls o™,8o in thickness at the top, 
where they are covered with ordinary stonework to preserve 
regularity of surface, and two cappings, one o'^yOS in 
mortar, the other o"',oi5 in bituminous cement. Lastly, 
a layer of gravelly sand o'",6o in minimum thickness, is 
interposed between the ballast and masonry; and these 

■ 

dispositions impart a solidarity to the different parts of 
the work, and render the vibrations scarcely appreciable. 

The viaduct is crowned by a plinth o'",&5 in height, 
resting on small corbels, and surmounted by a pierced 
parapet projecting o™,i5 from the head facings. In the 
perpendicular of the buttresses recesses are formed o",5o 
in depth. 

The foundations of all the piers have been laid on a 
compact schistous rock, with strong inclination of strata, 
and covered with a layer of mud and detritus. The foun- 
dations of three piers had to be laid in the bed of the ri- 
ver. For pier n'' 3 , a simple coffer dam at half tide was 
sufficient; but for n** A and 5 , it was necessary to go to a 
depth of 5",4o below the level of the upper water-course, 
and 7",4o below the highest tides, in consequence of 
which, recourse was had to a bottomless caisson, aa"',75 
by io'',6o and 6"',90 in height. Fixing the caisson, the 
weight of which was 76 tons, was greatly facilitated by the 
local circumstances which allowed the water to be lowered 
by opening the navigable passage of the Auine, and after* 
wards to be raised by the action of the tide. 
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A service bridge composed of two lattice girders 3&'",8o 
in length and i"',i7 in height, connected the tops of the 
piers, and served to supply the materials coming from 
both banks. These were raised as required by the aid of 
four screw jacks. 

The pressures at the different heights are : 5^^,99, at 
the springing of the arches; 8^^769 at the base of the 
shafts of the piers; 9^^ao, at the base of the socles, and 
7*^,3/1, on the foundation soil. 

The proportion of space to solid is 3,1 3. 

The total measurement of the stonework is 69,690 cu- 
bic metres, of which 7,&55 are in the foundations, and 
/i9,o3& above them; the cube per superficial metre is 
3^", 66 foundations included, and the average price per 
cubic metre for all the masonry, is hh francs. 

The cost amounted to 3,1 65, 000 francs, of which sum 
336,000 francs were for foundations; consequently the 
price per superficial metre of elevation , is 1 5 1 francs , in- 
cluding foundations. 

The works were commenced in March 186/i, and, with 
the exception of the parapets, were iinished at the close 
of 1866. 

The viaduct of Porl-Launay was planned and superin- 
tended in its construction, by MM. Moramdi^be, engineer 
in chief c(des Fonts et Ghauss^esv and director of the 
new works of the Orleans Railway Company ; Groizettb- 
Dbsnoyers, engineer in chief, and ARifO(ix(Auguste), resi- 
dent engineer (cdes Fonts et Ghauss^es ?> , attached to the 
same Company. (See Annates des Fonts et Chaussies, 1870, 
3* sem. ) 



VIADUCT OF THE POINT-DIJ-JOUR , 

AT PARIS-AUTEUIL. 

(circular railway.) 



TBBU MODIU : 

1. Model of the viaduct entire. Scale of o*,oi (i oentimetre to a metre). 

9. Model of an abutment arch. Scale of o'toA (one twenty-fifth). 
8. Model of two arches of the viaduct. Scale of o'",o& (one twenty-fifth). 

The crossing of the Seine, below Paris at the Point- 
du-Jour, between Anteuii and Crenelle , has necessitated , 
for the Circular Railway ^^\ the construction of a series of 
important works. 

Their total length may be divided as follows : 

Viaduct of Auteuil, from the station of that name to the 

Versailles road 1,073",! o 

Viaduct of the Pintitrdu^iour, from the Ver- 
sailles road to the quay of the Seine (right 

bank) 1 54 ,78 

Bridge viaduct over the Seine.. a&a ,98 

Viaduct ofJavel, on the quay of the Seine 
(left bank) at the commencement of the em- 
bankment 119 ,65 

Total i,59o",45 

(') This Hoe may, with equal justice, be entitled the Suboi4>an Bailway, 
since while encircling Paris, it connects the principal suburbs. {Tr«m$LUor.) 
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The first and second modeU refer to the bridge via- 
duct, and the third to a portion of the viaduct of Auleuil. 

BRIDGE VIADUCT OF THE POINT-DU-JOUR. 

This work consists, in elevation, of two perfectly dis- 
tinct parts : a bridge or lower stage, intended for foot-pas- 
sengers and carriages following the military road; and a 
viaduct or upper stage, occupying the central part of the 
bridge, and pertaining to the Circular Railway. Its height 
above the solid concrete of the foundation, is iS"",/!!, for 
the parapets of the bridge, and a a"", 5 3 for those of the 
viaduct. 

« 

i. Bridge or lower stage. — This is composed of five 
elliptical arches of Bo'^ysA span and 9 metres of rise, 
resting on four piers and two abutments, to which are ad-* 
joined two half-piers. 

Length in Uie dear between abutments 1 74'",85 

Width between heads 3i ,00 

Height under keystone above low water mark.. . . 9 ,5o 

Thickness at key (lateral ways) 1 ,00 

Thickness at key (under central viadact) 1 ,60 

Thickness of piers at springings A tYa 

Thickness of piers at base on concrete 5 ,7 a 

Thickness of abutments 5 ,90 

Thickness of abutments (central part) 10 ,86 

The width of 3i metres between the heads comprises; 
two parapets of o^jSo, two footways of a ",9 5, two road- 
ways in compressed asphalte y^^^aB, and a central footway 
of 11 metres, corresponding to the railway viaduct^ 

The spandrils are lightened at the perpendicular of 
each pier, by three arches or vaults parallel to the stream, 



40 VIADUCT OF THE POINT-DU-JOUR. 

built in rough millstone grit and cement, &'",6o in span 
and o'*,55 in thickness at the key. In the central part, 
these arches, when only supporting the footway, are in 
perforated bricks, and are reduced to a thickness of 0*^,39. 
The abutments of these arches are themselves pierced by 
eight series of bays parallel to the axis of the bridge, and 
having i",75 and 9"*,9 5 of span. All these arches are 
supported by pillars of sufficient thickness to allow a 
steam roller weighing 3 9 tons to pass over on the lateral 
ways. The total void or space created by these pierced 
arches, is equal to i^AgS cubic metres for each arch, 
which diminishes by 3, 3 00 tons the weight borne by 
wch pier, and by i'*,6 per square centimetre for the 
concrete. Lastly, under each footway a vaulted sub-«way 
has been reserved, for the purpose of containing water 
pipes. It is covered by a brick arch o",o6 in thickness, 
and is i°*,5o in width by o"',6o in height. 

9. Viaduct or upper stage. — This part of the work, 
-comprised belween two arches of 90 metres span over 
the quays of Auteuil and Javel, consists of 3i semicir- 
cular arches of &°',8o span. 

Tola! leogih a48",8o 

Height above bridge 9 ,^0 

Widlb between heads (including two parapets of o'",35). 9 ,00 

Thickness at key of small arches o ,45 

Thickness of piers 1 ,o3 

The piers, having a diminution of o",©! per metre in 
all their faces, are i"',098 at the springings and i™,9i 
at the socles. 

The piers and abutments are pierced by two bays of 
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s'^fQS span and A*", a 5 in height under the key. These 
openings have heen made for the convenience of pedes- 
trians on the central footway. The spandriis &'",8o, are 
pierced by small brick vaults of 9 metres span and o°',3 9 
in thickness. 

The arches over the quays have respectively a o metres 
of span and ^"^,6^ of rise; their thickness at the key is 
o^fSB and at the springings I'^^BS. 

The foundation soil consists of a bank of chalk, cov- 
ered in the bed of the river and on the left bank , by a 
layer of gravel , but on the right bank , by layers of clay 
mixed with peat and mud. 

. The principal and rear abutment of the right bank are 
founded on piling. The piles are of oak 8 metres in length, 
o^'fSo square and penetrate the chalk to a depth of at least . 
a metres. The average distance between them is I'^yoS, 
and each supports about a 8 tons. They are connected by 
a layer of concrete i'°,5o to a metres in thickness. 

The abutment and the rear abutment of the left bank 
are founded on the gravel, by means of a solid mass of 
beton laid dry in an enclosure of piles and sheet piling. 

The piers are founded on beton laid on the bank of 
chalk, previously cleared by dredging. The beton was run 
into timber caissons without bottoms, put together on 
the spot, i. e. on the movable scaffolding constructed for 
their immersion. Their dimensions , are ho metres in 
length, 9 metres ih breadth and 8 metres in depth. 

The removal of the centres was effected by means of 
sand boxes, and the subsidence of the arches varied from 
o",009 to o'",oia. 
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The pressures are not uniform in the length of the 
piers, but vary from a^,5 to 5 kilogrammes on the 
surface; 3 to 6 kilogrammes on the beton, and 3^,8 lo 
6^,5 on the masonry at the base of the piers ; while in 
the great elliptical arches, they attain i k kilogrammes at 
the springings and i5^,5 at the key. These arches are 
in rough millstone grit and cement mortar. During the 
tests by excess weight , the pressure ia the viaduct did not 
exceed & kilogrammes in the arches and 6^,5 at the base 
of the piers. 

The total cost amounted to 9,86&,ii39 francs, 
a86,i5y francs of which, were paid for various expenses 
not included in the contract. The average price per cubic 
metre of the viaduct, was a 5 fir. 6 & cent., and per cubic 
metre of stone work 07 fr. ao cent The cost of the whole 
of the bridge viaduct was 1 1,793 francs per metre run, 
or 38o firancs per square metre in plan, and 069 firancs 
per square metre in elevation , solid parts and spaces taken 
together. 

VU1»UG OP POlNT-mHJODB. 

This work forms part of the Circular Suburban Railway 
on the right bank, and is comprised between the Ver- 
sailles road, where the Auleuil viaduct terminates, and 
the bridge viaduct on the Seine. It consists of 96 semi- 
circular arches of 4^,97 span. 

T^^'l^^g**^ ,54-,75 

Height above bodevanl fron 7- aa W. .'. . . . 9 ,58 

Thickaeas of piers a( spru^^ings , oj 

Thicknen of piers at socks , ^,^, 

Thickness of arches al key ^ ^^ 

Br^lb belween hewb . r^ *.,. 
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The efltablishmeni of a passenger station has necessi- 
tated this considerable breadth (i /i°',90 between the par- 
apets). 

The piers have four pierced arches of a metres span 
and A", 9 5 in height under the key, separated by pillars 
of which the central one is i'",75 in thickness, the two 
outer pillars I'^fSo^andthetwo intermediate ones i^'^iaS; 
these arches constitute a covered footway under the via- 
duct. 

Twelve of the pillars rest immediately on a bank of 
gravel; but the succeeding arches had to be built on a 
soil ^'^^,^o in thickness, composed of recent alluvial de- 
posits, with alternate layers of clay, mad and peat, the 
whole resting upon a layer of coarse gravel, ^"^^^o above 
low water mark. The piers consequently requiring a 
height of nearly !io metres to the arches, it was consi- 
dered necessary to support them by low relieving arches ; 
and with this view, the foundations of the (fdd piers were 
dispensed with, viz one pier out of two, and were replaced 
by ogival arches , resting on the solid foundations of the 
piers of even rank. These ogival arches, of which the 
summits support the weight of one pier and the two adja- 
cent demi arches, are not apparent, for they are cons- 
tructed in the height of the embankment formed between 
the natural soil and the level of the boulevard. By means 
of pumping, the foundations were laid dry, notwithstand- 
ing their depth. 

The socles and angles of the piers, the cornices, par- 
apets and voussoirs of the head, are in dressed stone, the 
rest of the viaduct is in ashlar or rubble. 
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The pressure is &^,8o per square centimelre on the 
foundation soil, 5^,3o on the concrete, and increases to 
1 o kilogrammes in the ogival arches, two of which sup- 
port one pier. 

The cost amounted to 5^1,737 francs, of which 
/i 9, A 1 3 francs were for works not included in the contract. 

The average price per cubic metre of masonry is 
38 fr. 3s cent., 3,5oi francs per metre run of the via* 
duct, liiS francs per metre of elevation above the actual 
soil, and 1/19 francs above the foundation. 

This work was constructed in 186/1 and i865, by 
MM. Bassompiebre-Sbwrin, engineer in chief, and de 
ViLLiERS DD Terrace, resident engilieer c(des Fonts et 
Chauss^es)'. (See AnntJes des PonU et Chauuiu, 1870, 
t'^ semestre.) 



XII 
IRON VIADUCT 0\ THE DOUBLE. 

(COMIIBNTBT AND GANNiT LINE.) 



Drawings on scales varying from o^^ooA to o'",5o. 

This viaduct was constructed on the Bouble for the 
railway from Commentry to Gannat, and crosses the river 
at 66", 10 above low water mark. It consists of six bays 
of 5o metres span, supported by two abutments in ma- 
sonry and five iron piers resting on stone basements. 

The principal dimensions are as follows : 

Total length, including aj^roaches. ... 395",oo 

Length offiooring 3oo ,00 

Height of rails above basement 69 ,00 

Height of girders 6 ,56 

Breadth between parapets 6 ,5o 

B EIGHT 0? IRON PIERS : 

Central piers 67 ,5o 

. Extreme piers .*.... 69' ,5o 

The five piers are constructed entirely of iron , and the 
three central ones have a uniform height of 55"',8o be- 
tween the capital supporting the bays, and the stone socle, 
which is i",90 above the floods of the Bouble. 

The great cast iron pillars or standards, four in num- 
ber only, for each pier, are 5o centimetres in exterior 
diameter, and their thickness varies from 3 to 65 milli- 
metres. The interior was filled with concrete to increase 
their weight. They are in stages 5 metres in height, each 
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stage being bound by a system of diagonal stays, in plane 
and elevatioq. 

The piers form a pyramid converging towards a point 
&o metres above the level of the rails. Thus, the pillars 
present in face, a diminution of a 5 millimetres, and trans- 
versally, a diminution of 35 millimetres; the platform at 
the top is a'^^So in breadth by 3"',5o in length. 

At the lower part, the standards are strongly supported 
against the action of the wind , by struts forming arch-but- 
tresses, and embracing the three lower stages; these but- 
tresses are described with a radius of a 4 metres, and give 
a projection of G'^^Go, so that the three great central 
piers have a total length of ao™,6o at the base. 

The maximum pressures per square millimetre, are as 
follows : at the summit of the pier, t^,8o; at the spring- 
ing of the buttresses, 1^,77; at the base, on the but- 
tresses alone, 9*^,33; and on the buttresses and pillars 
together, i^,38. 

A vertical cast iron pillar in the centre of each pier, 
sustains the horizontal bracing, and the tie-beams which 
unite transversally the centres of the diagonal stays. A 
ladder spirally encircling this pillar, facilitates the inspec- 
tion of all the parts. And finally, a lightning-rod placed in 
the axis of the central pier, bifurcates in two branches sol- 
dered to each girder, which terminate in two points above 
the parapet. 

The bays, composed of two lattice girders i'^^ho apart, 
from centre to centre, rest directly on the cast iron pil- 
lars of the piers. The height of these girders is /•"*,&&; 
the vertical web is in large lattice, d metres in breadth. 
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l>y Q metres, thus forming a double lattice. The bars in 
the direction of the abutments, are in U iron, and those 
. towards the centre of the bay, in Oat bars. The lattices are 
additionally strengthened and stiffened by uprights » at 
every s metres, formed of two angle irons, which bind and 
support the beams of the bridge. On these beams rest 
six bars of double T iron , 1 8 centimetres in depth and 
60 centimetres apart from centre to centre, to which the 
flooring formed of A iron is riveted. This flooring is ca- 
pable of great resistance, and being without covering, it 
can be examined and repaired. 

A foot-bridge, o"',70 in breadth, has been constructed 
at .the lower part of the road flooring; it extends the 
whole length of the iron viaduct, and is accessible by 
stairs in the interior of the abutments. 

Similarly to the viaducts of Busseau-d'Ahun and la 
G^re, the flooring of the viaduct of la Bouble rests on the 
piers through the medium of a hinged capital, and all 
the permanent or accidental weight is thus e(pially distri- 
buted between the four great standards of the piers. 

The flooring was constructed on the left bank of the 
Bouble, on a platform 1 5o metres in length by q5 metres 
in breadth, with a downward slope of b'^yfko from the 
level of the line; it was then pushed out 5o metres 
beyond the abutment, and successively beyond each pier 
when completed. 

The stone basement for each pier had been constructed 
previously; as well as the first three sipges of the iron 
part, because the work of fixing the arched buttresses 
demanded particular care and more time. 
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The cast and wrought iron work of the upper stages 
was conveyed to the floor of the bridge , and lowered from 
it to its place, as had been done at Fribourg, Bussead- 
d'Ahun and la G^re. 

The total cost was 1,100,000 francs, or a^ySS francs 
per metre run, and 61 fr. ko cent, per square metre of 
elevation; the average cost is i,53o francs per metre of 
elevation for the metallic pier and 1 ,&oo francs per metre 
of the road framing. 

For the metallic part of one great pier were employed , 
i5i tons of cast iron, at &9 centimes the kilogramme, 
and &5 tons of wrought iron at 55 centimes. 

During the tests, the maximum deflection of the bays 
was o°',oi9 under a uniform excess weight, and o"',o3o 
for a bay loaded with A, 000 kilogrammes per metre run, 
and between two bays not weighted. The central piers 
showed a compression of o",oo5 under the dead weight. 

The viaduct was constructed from 1868 to 1870 under 
the superintendence of M. Didion, delegate general of 
the Board of directors of the Orleans Railway Gom'- 
pany, and M. Thirioit, director of the central lines, by 
MM. W. NoBDLiiiG, engineer in chief, Delom, engineer 
for the metallic part, and Geoffrot, engineer for the ma- 
sonry and approaches. 

The ironwork was confided to the firm of Gail and 
Gompany, and to the Fives-Lille Gompany, represented by 
M. MoRBAcx , their chief engineer. 
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NEW PARIS TERMINUS. 

(ORLEANS RAILWAY COMPANY.) 



A set of drawings on scales of o'tOoS and o^fOa. 

The successive developments of the lines of the Orleans 
Railway Company, since its origin, have imparted to the 
metropolitan terminus an importance and energy of move- 
ment which could scarcely have been foreseen at the 
period when the former building was constructed. At the 
expiration of twenty years, it was found necessary to de- 
molish the old station and to erect a new one, of which the 
annexed drawings represent the principal arrangements. 

Site. — The former station was situated between the 
Boulevard de THdpital and the Rue de la Gare. All the 
ground comprised between this street and. the quay d'Aus- 
terlitz, was acquired for the new station , which is bounded 
on one side by the quay, and on the other by the Boule- 
vard de THApital. The superficies of the station which was 
formerly but &\ i o , is thus augmented to t o hectares. 

The general plan of the new station does not differ 
materially from that of the old one; the departure platform 
on the left, the arrival on the right; in front, i. e. at the 
angle of the boulevard and the quay, are the Company's 
offices. 

Arrival and departure buildings. — The departure build- 

4 
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ing which constitutes the most important part of the 
terminus, presents in the centre a pavilion in the fore- 
part, containing a vast hall and ticket offices; to the right 
and left are two wings, each 60 metres in length, one of 
which comprises the waiting rooms, ahd the other, lug- 
gage and registration office. A wrought and cast iron 
portico 6"",5o in width, extends along the whole length of 
these buildings. 

From the two extremities of the edifice square buildings 
advance as far as the quay; these are devoted to the va- 
rious accessories, vie. refreshment-rooms, postoffioe, tele- 
graph, station master's apartments, etc. 

The length of the arrival building is the same as that 
of the departure, but the breadth is less and the construe* 
tion more simple. It contains only a waiting room and a 
hall for the delivery of luggage. At the extremity is a 
building projecting on to the court, in which are situated 
the porter's rooms, the octroi or city dues, the goods 
department, and various accessory servfces. 

The arrival platform, 1 90 metres in length by &o me- 
tres in breadth, is roofed like a hall for die third of 
its length, while the remainder is bordered with an 
awning. 

Covered hall. — A breaddi of 5 i"*,5o separates the ar- 
rival and departure buildings, and consists of eight lines 
and two footways. A roof of a single span covers die 
whole space comprised between the two buildings, and 
extends 100 metres beyond, to the extremity of the goods 
department, in order to protect the plant housed on the 
intermediate ways. 
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By its vast dimensions and exceptional span , this roof 
is one of the parts of the terminus which principally 
attract public attention. 

The total length of the hall is 280 metres, and the span 
as before mentioned, is 5i™,5o. 

The ribs, 10 metres apart, are composed of two mem- 
bers, with cross pieces in flat and angle irons supported 
and connected by cast iron tie rods and wrought iron tie- 
beams, after the method of triangulation known as the 
Polonccau system. 

The extremities of the ribs are sustained by ornamental 
cast iron brackets. 

The purlins which join the ribs are made with cross 
bars like the ribs. 

Their lower flange is curved in such a way, that the 
purlin is lower in the middle than at the point of junc- 
tion with the ribs. 

This form is less monotonous to the view than the rec- 
tilinear; it has besides the advantage of increasing the ri- 
gidity of the purlin and of more strongly bracing the main 
rib , which is thus held firmly throughout its height 

The weight of the iron roof, ribs included, is 
i,3oo,ooo kilogrammes. All the dimensions of the iron- 
work were so calculated, that at no point, even in the tie- 
beams, does the strain on the metal exceed 6 kilogrammes 
per square millimetre. 

ReeapihJatwn. — The annexed table shows the various 
parts of the new terminus, with the superficial dimensions 
of each. 
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1. BUILDINGS. 

Company's offices s,953' 

Great hall 600*1 

Waiting rooms 1 ,995 

Luggage hall 1 ,996 

Departure I Covered portico i,o&4 i i; ^o 

hiiilding. | Reserved saloon 55 

Ticket offices 3^3 

Refreshment-room and tele- 
graph 1,386 

Arrival buildiDg 9,635 

Goods department, octroi, etc 596 



Total i9,a5o' 



9. SPACES COYBRBD, BUT WITHOUT BUILDINGS. 

Great hall for passengers 1/^,7 1&' 

Hall for the mails, etc 9,876 

Hall for parcels 6,Aoo 

Covered part of arrival platform. . . . .' 3,639 



Total 97,^99' 



3. SPACES NOT COVERED. 

Yard of the Company's offices 653' 

Yard of passenger^s departm^ building 6,1 A A 

Yard of goods departure 1 0,796 

Open part of passengers arrival platform 5,965 

Yard of goods arrival 8,68/1 



Total 39,179' 



Execution of the works. — The reconstruction of the 
Paris terminus was pronounced of public utility on the 19^'' 
August i863. The expropriation of the ground was car- 
ried out immediately after the accomplishment of the ne- 
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cessary legal formalities, and the masonry contracted for 
in November iS^U^ was commenced in the early days of 
the year i865. 

The new terminus was definitively opened in July 
1869 , the time of building being four years and a half. 
This period will scarcely appear long, if the importance of 
the work is taken into account. Besides, it must be re- 
membered that, the new station occupying the same site 
as the old one, no part of the building could be demolished 
before being replaced, and consequently, the new erect- 
ions could only be proceeded with in successive parts 
and under numerous diss^dvantages. 

The ground upon which the new station is built, pre- 
sented some extremely unfavourable conditions , in respect 
of the foundations. It was necessary to go to a depth 
varying from 8 to 1 1 metres, in order to find a suitable 
bottom. The proximity of the Seine, and the permeable 
nature of the strata , necessitated pumping to a conside- 
rable extent. This foundation work , which involved the 
construction of more than 9 kilometres of wall, was ac- 
complished without accident, but at a considerable ex- 
pense. 

Raising the ribs of the great roof, was one of the most 
delicate operations of the work. It had to be effected above 
the footways and the lines in actual work, without inter- 
ruption to the traffic. The difficulty was happily sur- 
mounted by the Greusot firm, by means of a travelling 
scaffolding of the same breadth as the roof, and having at 
the springing of the latter, a platform upon which were 
placed the cranes and other machines for raising the ma- 
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teriai. This plan afforded all the necessary conveniences 
for collecting and setting the different parts of the roof, 
and left the footways and lines completely free , with the 
single exception of the places from which the material was 
hoisted. 

Cast. — This may be divided into four distinct parts ; 
the acquisition of the ground; the Company's offices; the 
station proper; accessory works; lines, approaches, etc. 

The purchase of the ground is the most important item; 

and reaches the sum of 8,d5o,ooo ' 

The property acquired is 6/1,870 square metres, at 
ia8 ir. 85 cent, per superficial metre including all 
expenses. 

The Company^s offices consist of cellars, 'ground floor, two 

stories, and attics, and their cost was i,64o,ooo 

The expense per square metre is 355 fr. 70 cent. 

In Ibis sum the foundations are reckoned at i3o fr. 
The cost of the station proper was 6,900,000 ^'^ 

16,890,000 
^') These amounts are divided as follows : 



DESIGNATION 
or f ABiovs tkvn or thi boilmm. 



Departure building 

Arrival building 

Pa88Anger*8 hidl 

Goods department 

Hall for mails , etc 

Covered part of arrival platform and awnings . . . 

Parts open , yards, footways 

Various works including culverts, walls and 
enelosore gates 

Total cost 



PRICK 




per 


COST. 


fQUitl ■»>>. 




590' 


. 3,i56,ooo' 


3a8 


1,168,000 


70 


i,o3o,ooo 


66 


As 9,000 


hh 


196,000 


5a 


178,000 


/I 


5 80, 000 


// 


95o,ooo 



6,900,000 
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16,890,000' 
The accessory works, comprising liues, tables, poinU, etc. ^ 
rectification of sti^eets, creation of a road between the sta- 
tions of Paris and Ivry, and finally the reconstruction and 
enlargement of the bridge of the Boulevard de la Gare , 
amounted to 1,11 0,000 



Total cost 1 8,000,000 ' 



The works of which this notice presents a condensed ac- 
count, were planned and executed under the chief direction 
of MM. DiinoN, delegate general of the Board of direc- 
tion, and SoLAGBoup, director of the Company, by MM. Sb- 
visNE, engineer in chief, Louis Renaud, principal archi- 
tect, to whom pertains all the architectural part of the 
undertaking, and Gilles, chefde sectioti. 

The contractors were : 

For the masonry : MM. Bouyeb, Cohadon, Bagnard, 
managers of a working-men's association ; 

For the ironwork : the Creusot firm, principally repre- 
sented by M. Mathieu, chief engineer. 



XIV 
STEEL RAILS 

BMPLOTBD 

BY THE PRINCIPAL FRENCH RAILWAY COMPANIES. 



Various patterns and a portfolio of drawings. 

NORTHERN RAILWAY COMPANY. 

Projile adopted. — For all the lines of the Northern 
Company, a steel rail of the Vignoles type has been adopted. 
This rail weighs 3o'*,3oo per metre, and is supplied by 
all the French iron works indiscriminately. At the pre- 
sent time it is rolled in the establishments of Terre-Noire, 
and the Society of the Greusot iron works. 

Lengtii of rail — The normal length is 8 metres, but 
to facilitate the execution of large orders, it is customary 
to allow reduced lengths of 7, 6, and 5 metres. 

Sleepers and JUh-^lates. — This rail is laid with sleepers 
at the joints, and is supported on nine points, according 
to the following distances apart : o",6o next to the joints, 
0*^,90 for the first space, and 1 metre for all the others. 
The rails are fastened to each other by means of fish- 
plates, pierced with four holes o'",oi9 in diameter, to 
receive the bolts. They rest directly on the sleepers, in 
notches cut for that purpose , and are fixed to the latter 
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by means of two galvanized iron screws for the interme- 
diate sleepers, and four screws for the joints. The screws 
bind against the rail foot, whicb is iieither pierced nor 
notched in its entire length. 

The reasons dictating the choice of this type of rail may 
be summed up as follows : 

Advantages of steel. — The first advantage possessed by 
steel rails , over those of wrought iron , arises from the fact 
that they wear slowly and in a parallel direction, while 
the best wrought iron rails rapidly deteriorate by the 
traffic, and are mostly past service without having lost 
an appreciable weight by regular wear. The experiments 
made by the Northern Company upon iron rails from all 
the different works, have demonstrated that those of the 
best quality did not resist the wear and tear of a traffic 
exceeding so millions of tons; while those of ordinary 
quality succumb to a circulation of i& millions. With 
regard to steel rails, all the trials show th|it the flange 
wears in a uniform proportion of one millimetre of thick- 
ness for a traffic of s o millions of tons , and as they are 
constructed for a wear of i o millimetres , it may be cal- 
culated that the duration of steel rails will correspond 
to a traffic of at least 900 millions of tons, i. e. that 
they will last ten times as long as the best rails in wrought 
iron. It follows then, that the substitution of steel for iron 
rails, will effect a considerable saving, while at the same 
time it secures to the line a greater equality of resistance, 
and increases to a considerable extent, the safety of work- 
ing. 

The second advantage of steel rails results from the 
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fact that the material offers a resistance more equable and 
superior to that of wrought iron. Various experiments 
have been made ; and comparisons instituted between the 
two substances, establish the fact that, when subjected to 
pressure , the iron rails retain permanently the set or de- 
formation to an appreciable extent, while the tension and 
compression of the fibres attain to 17 and 18 kilo- 
grammes per square millimetre. For steel rails this figure 
exceeds 38 kilogrammes. In direct traction tests, the me* 
tal composing the flanges of wrought iron rails of good 
quality, shows a resistance to fracture comprised between 
98 and 36 kilogrammes per square millimetre, while for 
steel rails, this figure rises to between 65 and 76 kilo- 
grammes. The wrought iron rails tested by a shock or 
falling weight , by the machine called tlie Lyon railway, do 
not resist, on the average, an active power of more than 
lioo kilogrammetres; while the steel rails of the type un- 
der consideration, present an opposing power of more than 
900 kilogrammetres. The metal of which steel rails are 
formed, may then be characterised, as guaranteeing greater 
regularity in production, and as the powers of elastic resis- 
tance and of resistance to fracture, are at least double 
th6se of the substances composing wrought iron rails, the 
advantage of the substitution of steel for iron is sufficiently 
obvious, if the first cost of laying does not present an in- 
surmountable objection. Now, as a matter of fact, by re- 
ducing the weight of the steel rail to 3o kilogrammes, 
which will still leave to it a solidity much in excess of that 
of the iron rail which it replaces, it is possible to modify, 
or nearly to annul, the difference in cost between the steel 
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aod wrought iron rail. There is therefore no longer any 
advantage accruing from the employment of wrought iron 
rails. 

Detail of profik. — The conditions which have led to 
the adoption of the types represented by the profile and 
patterns attached to this description, are as follows : . 

To retain the height of the wrought iron rail of 37 ki- 
logrammes, as well as the extent and inclination of range 
of the fish-plate and convexity of the flange, all of which 
have given satisfactory results. 

To allow the largest possible margin for wear and tear, 
and with this view to increase the bulk of the flange, 
while reducing as much as possible the thickness of the 
web and the thickness and breadth of the raiI*foot, without 
augmenting the difiiculty of manufacture, or exaggerating 
the relation of the height of the rail to the breadth of its 
base. 

In theory, the profile should have been such that, when 
the maximum of wear was reached, the work of the 
most deteriorated fibres of the flange and rail-foot should 
be the same. But this would have produced a rail too 
narrow and too thin at the foot, to obtain sufiicient bear- 
ing on the sleepers. In the profile adopted, the equality 
of the strain of compression and extension is realised after 
a wear of 5 millimetres, but at this period, the rail is not 
so far weakened as to be past service , and when a second 
thickness of 5 millimetres is ' worn away, its resisting 
power is still superior to that of a new wrought iron 
rail of 37 kilogrammes. 

Stability of the rail. — The new type can only be con- 
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sidered bolder in conception than the old rail , in respect 
of the stability of the base, and the proportion of this 
boldness is furnished by the relation of the height to the 
base. For the rail of 87 kilogrammes, this proportion is 
Yvr 01^ ^9^9^ while for the steel rail of 3o kilogrammes it 
is i,a88. But it should be remarked that for the Vignoles 
iron rail, used by the Lyon Company, this proportion 
rises to i,3o, and for the line from Cologne to Minden to 
1,356. Besides, the rail has no tendency to cant outwards, 
as was at first believed, under the lateral pressure it un- 
dergoes from the edges of the wheels ; on the contrary it 
leans inwards, but the exterior screws and the inclination 
given to the notch in the sleeper, suffice to correct this 
tendency. Another result of this thrusting action, is to 
augment the pressure exercised by the foot of the rail 
against the side of the sleeper towards which the trans- 
versal movement of the wheels is directed. Now from the 
experience of more than two years, during which time this 
rail has been in use on the Northern lines, it is proved 
that this greater pressure does not exceed the limit that 
the sleepers are able to bear without detriment. It is there- 
fore an established fact, that a diminution of the lateral 
dimensions of the primitive type of 37 kilogrammes, will 
still leave the rail in excellent condition as regards stability 
of foot. 

Quality of the tnatenaL — These calculations and ob- 
servations apply to a quality of steel characterised by a cer- 
tain hardness and pertinacity of resistance, and manufac- 
tured by the French iron firms. The excellence of this 
quality is shown by the trials stipulated in the specified- 
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tioDs of the Company, and which mdy be summed up as 
follows : 

i" test [by fresmre). — Each rail, submitted to trial, 
shall be placed edgewise on two points of support I'^^io 
apart, and must bear during the space of five minutes, in 
the middle of the interval between the points of support : 

1. A pressure of 17,000 kilogrammes , without retain- 
ing any appreciable bend after the test; 

9. A pressure of 3o,ooo kilogframmes, without exceed- 
ing a bend of 9 5 millimetres. 

9*' te$t {by shock). — Each of the two halves of the 
broken rail shall be placed edgewise on two supports 
i"',io apart, the said supports to be fixed on an anvil 
of 10,000 kilogrammes, and each of the said halves 
must bear, without breaking, the shock of a monkey 
3 00 kilogrammes in weight, falling from a height of 
9'",9 5, upon ihe rail, in the middle of the interval be- 
tween the points of support. 

Under suocesdve heights of fall of. i",oo i*,5o 9*,oo 9",fi5 

The hends earned by the teat^ 

must nol exceed a"" 5"* 1 1"* 16"" 

Trial of new plan of laying rails ^^K — At the present 
time a new system of laying is being tried, which con- 
sists in placing the joints of the opposite rails on different 
sleepers. 
^ Although this new system has not been tried sufficiently 

(^> This plan, fint tried in 187a, affords satisfactory results, and is 
adopted as the normal system of the Company. 

During the last two years, in order to prevent the rails from wearing 
the sleepers, pieces of tarred felt have been interposed, and with good 
effect. 
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long to be judged by experience, it is expecled that the 
rolling will be easier than in the former system of cor- 
responding joints. Indeed, the shocks occasioaed by 
carriages passing over the two joints, being no longer si- 
multaneous, their action on the movement of the carriage 
is modified by this single fact. 

Even the violence of these shocks is lessened by the fol- 
lowing circumstances : 

1 . The joint sleeper, instead of being rendered liable 
to start up at each extremity, is, on the contrary, retained 
at oie of them by the pressure of the continuous rail that 
it supports; 

Q. The sleeper, receiving slighter shocks, there is less 
disturbance of the packing; 

3. The joint happening to give way at tbe passage of 
one wheel, the carriage, supported by the other three, is 
kept in its position on the rails. 

Length of single lines laid txnth steel rails. — On the 
i** January 1876, this length had attained i,3io kilo- 
metres. 

Before long, the two principal arteries of the Compa- 
ny's system of lines, Paris to Erquelines, and Paris to 
Lille, will be entirely laid in steeL 

EASTERN RAILWAY COiMPANY. 

The Eastern Railway Company, in the first place , laid 
some small sections of the principal lines in Bessemer 
steel rails, which were supplied by the principal French 
iron firms of (Terre-Noire, Rive-de-Gier, le Creusot, 
Saint-Jacques, Montlu^on, Imphy). 
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Those rails are of the Vignoles type, and of the same 
profile as the wrought iron rails of 35 kilogrammes per 
metre run, long used on the lines. Their weight is 36 ki- 
logrammes per metre , on account of the difference in den- 
sity between the two metals. 

Each rail of 6 metres rests on two joint sleepers, by 
the medium of bed-plates with two flanges, and on six 
intermediate sleepers, o^'fQO apart from centre to centre. 
The fastenings consist of galvanised screws. 

At the present time there are 39,600 metres of line 
laid down with rails of this type. 

An experiment was commenced, and is being carried 
on at the present time, to compare the respective dura- 
lion of steel and iron rails. In March 1866, there were 
laid down at the Villette station, 60 rails in wrought iron 
and 60 rails of the Vignoles type in Bessemer steel weigh- 
ing 35 kilogrammes per metre run, with the view of 
submitting them to comparative trials of duration and 
wear. 

The rails were placed in identically the same condi- 
tions with regard to wear and tear, and to put this point 
beyond the possibility of a doubt, they were laid (on the 
down line), three of iron and three of steel, alternately, 
thus forming two groups : 

The first group , comprising thirty six rails in wrought 
iron and thirty six in steel, was placed between the kilo- 
metres iSaSS and i\520, a point where all the goods 
trains arrive with the brakes on, for stoppage. This part of 
the line is therefore subjected to great wear. 

The second group, comprising twenty four rails in iron 
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and twenty four in steel, was placed between the kilo* 
metres iSSyi and 1*^.7 A 9- This portion of the line is 
subjected to less traflBc than the preceding. 

In the mouth of August 1869, a third group was pla- 
ced in nearly the same conditions with regard to traffic as 
those of the second. This group was composed of six rails 
of the same type, in wolfram steel fabricated by the Le 
Guen process. 

1. Wear. — 'A first examination of the wear was made 
in 1879, by means of plaster casts taken of one of the 
three iron rails, and one of the three in Bessemer steel, 
alternating in each row of the two first groups. 

These inspections were renewed in 1878, 187& and 
1876, casts of the same rail having been taken each 
time, and of the same part^ viz the middle of the rail. 

The verification of the wear of the rails in wolfram steel 
was only made in 1 876. 

The following tables, indicate the wear ascertained, I 

which is expressed in millimetres. 



STEEL RAILS. — EASTERN COMPANY, 



65 



F1B6T GROUP. 



NUBIBERS 

OF BAILS. 



MAY 1872. 



- MAY 1873. 



MAY 187fl. 



AUGUST 1875. 



WROUGHT IRON RAILS. 



3 

4 

8 
11 
15 
16 
21 
22 
27 
28 
33 

3a 

ATCRA6ES . . 



/4.5 

6.5 
6.0 

9.8 { 

Replaced \ 

in July 1871. ) 

3.0 
1.5 

5.0 
3.0 
6.6 

Rep) teed 
in Not. 1868. 

3.91 



5.3 
5.6 
6.9 
6.3 

Replaced 
in Jane 1879. 

r 

3.3 
9.0 
5.6 
3.7 
6.8 
// 



6.1 

5.0 

5.6 

Replaced 

in Nov. 187.9. 



a 
3.6 
3.0 

ReplaceJ 



in Dec. 1873. 
6.3 



6.5 



6.6 
5.8 

5.8 
u 



M 



3.9 

Replaced 
in Augoft 187&. 



5.9 



6.657 



6.6 

(Replaced 
in Julj 187 A. 



5.3 



RBSSEMER STEEL RAILS. 



3 


3.0 


3.8 


6.5 


6.9 


A 


6.0 


6.3 


6.6 


6.9 


9 


3.5 


3.8 


6.1 


6.6 


10 


3.5 


6.0 


6.5 


4-9 


15 


3 5 


6 .0 


6.5 


4.9 


14 


6.0 


6.5 


5.0 


5.3 


21 


3.5 


3.8 


6.1 


4.5- 


22 


3.5 


3.9 


6.3 


A. 6 


27 


6.3 


6.6 


6.6 


4-9 


28. 


6.0 


6.5 


6.9 


5. a 


33 


a. 5 


a. 8 


3.1 


3.3 


36 

AfMAGtt.. . 


3.Q 


3.6 


6.0 


4 3 


3.533 


3.950 


6.350 


4.7. 






.' 
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SECOND GROUP. 



NUMBERS 
or RAILO. 



MAY 1873. 



MAY 1873. 



MAY 1874. 



AOGUST 1876. 



39 
46 

49 

58 

AVIBAGBS, 



( RepUc«d 
(in August 1869 



«.3 

a. 9 

9.5 



WROUGHT IRON RAILS. 

.1 






«-7 
9.6 

«-9 


a 

3.0 

3.0 

3.9 


Ji.7^3 


3.066 



3.3 

3./1 



3.366 



1 



39 
46 
51 
58 

A? SHAOM , 



BRSSBMBR STRRL RAILS. 

0.5 0.9 1.3 

1.8 3.0 9.9 

1.0 1.3 1.6 

1.1 1.6 I 9.0 



1 . 190 



1.45 



1.775 



>-7 
9./1 

9.0 

9.9 



9.075 





THIRD GROUP 


. 




NUMBERS 

OP RAILS. 


MAY 1879. 


MAY 1873. 


MAY 187&. 


AUGUST 1875. 




WOLl 


?RAH STEEL R 


AILS. 


- 


i 




/I 


a 


1-9 


3 




a 


§ 


. a. 6 


3 




a 


n 


1.8 


1 ^ 




a 


I! 


1.5 


1 ^ 




a 


a 


9.0 


1 ^ 




If 


a 


9. 1 


1 AVBRAGBS.. . 


tt 


n 


n 


1 . 983 



The tonnage passing over these rails from the time of 
laying down (1866), till the last verification ef wear 
(August 1876), was calculated at 35, 057, 687 tons. The 
tonnage borne by the rails in wolfram steel from the time 
of laying down (August 1869), till the same period 
(August 1875), was 91.69(^,558 tons. 
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These figures establish that, for a wear of one iniili- 
metre , the tonnage was : 



FIBST GROrP. 



Wiroii||ht 

iron nils. 



6,6i4,63o* 



■teel mils. 



r...t 



7,6a9,o5o 



SBCO.ND GBOUP. 



Wrought 

iron raiis. 



10,615,199*^ 



Betfenwr 

sU^l rail.«. 



16.895,198* 



m 



TflIRD GROIT. 

Wolfnm 

steel rails. 

10,9^9,337* 



9. Duration. — All the steel rails have resisted perfectly, 
and none of them have been replaced. 

This is by no means the case with the wrought iron 
rails, since it has been necessary to replace 38 of 60 ori- 
ginally laid down (63 per cent). 

The following table indicates the date of replacement 
of each rail, and the tonnage it has borne. 





FIRST GROUP. 




SECOND GROl 

DATES. 


TONHAC B. 


mnma. 


DATS 8. TONJtAOB. 


araiBB. 


1 


October 1867... 


6,061,934* 


9 


October 1 867 . . . 


6,061,934* 


a 


November 1868. 


9,471,3/13 


1 


November 1868. 


9,471,363 


1 


December 1869. 


1/1,900,774 


1 


May 1869 


19,540,090 


1 


July J871 


20,1 35,383 


3 


August 1869. ■ ■ 


13,673,360 


5 


May 1879 


33,598,039 


1 


Februar]^ 1879.. 


99,347,908 


1 


September 1879. 


94,533,995 


1 


March 1873.. . . 


96,4o3,6oC 


1 


November 1879. 


95,166,399 


1 


December 1873. 


99,05 i,8o5 


1 


September 1873. 


98,168,739 


1 


February 1874.. 


29,64o,5i8 


U 


November 1873. 


88,767,460 


1 


November 1874. 


39,359,617 


9 


December 1873. 


99,05 i,8o5 


9 


January 1870.. . 


39,955,183 


1 


July 187/i 


3i,i47,i8A 








3 


August 1876. . . 


3i, 448,517 








1 


JiHiei87& 

AflRAGB TONHAGB . 


.34,461,849 




•AVBRAGE TONRAGB . 




ah 


94,549,5i6 


i4 


do,o38,664 



r>. 
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From the first group, 9& rails out of 36 were with- 
drawn, i. e. 66,6 p. o/o. 

From the second group, i h rails were withdrawn out 
of 2&, i. e. 58,3 p. o/o. 

The wrought iron rails used in these experiments of 
comparison, come from the Wcndel iron works. The ex- 
cellence of their quality is demonstrated by the fact that 
27 p. 0/0 of the total number tested, have resisted a wear 
of 35 millions of tons, and that those past service (63 
p. 0/0) have supported an average of 90 to a 5 millions. 
With respect to the steel rails, they were supplied by 
MM. de Dietrich and Company, but the wolfram rails 
come from Terre-Noire. Not a single one of these rails 
has been withdrawn from the lines, and the only change 
they have undergone , has been that occasioned by a slow 
and uniform wear. Albeit the first group is subjected 
to the incessant action of the brakes, the deterioration 
does not attain to o"',oo5, and from this time it may be 
asserted, that only after a term of service extending over 
more than twenty years, will these rails require to be 
replaced. In the second group, which is less exceptionally 
situated, though still subjected to severe trial, the wear 
hardly exceeds' o"*,oo9, and the duration of steel rails 
ought under similar circumstances to attain a period of 
not less than fifty years. 

The wolfram rails from Terre-Noire wear more rapidly 
than the other steel rails. They are evidently made of a 
steel containing less carbon, so that the wolfram has not 
succeeded in hardening it sufficiently. 

The Eastern Company has also made experiments 
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which have coniirmed, in every particular, those of the 
NortherD Company, on the comparative resistances of steel 
and iron. 

One of the tests for the wrought iron rails, consists in 
placing a- bar on two supports i",io apart, and loading 
it in the middle of its length , with weights which are in- 
creased till a fracture is produced. The bend of the rail 
under each weight is measured, as also the permanent 
bend that it has acquired after the removal of this weight. 
The following averages were obtained from 4o bars at the 
Sliring iron works. 



— — = 


BENDING 1 


WEIGHTS. . 


-— '""^^^■■■■■" ■^ 






UKDIR WEIGHT. 


PKRMAHBRT. 


1 2,000^ 


a'-^HS 


o""",oo 


1 5,000 


U 19 


1^ 


30,000 


1 1 57 


6 63 


si5,ooo 


36 88 


39 06 



Of the Uo rails experimented upon, a 6 broke under a 
weight of 3o,ooo kilogrammes, 9 under 33,ooo, and 
5 only could not be broken, the testing machinery not 
being constructed to support a greater load. 

The momentum of inertia of the section of the rail is 
1 = 0,0000089. By the introduction of this value into 

E = -^7-, and making P= 12,000 kilogrammes, for- 
mula ««= i",io, /«= o'",oo*»83, the modulus of elasti- 
city is found , E = 1 4,3 X 1 o*^. The corresponding bending 
moment is (x =^ 12,000x1,10 _ 33^^ fcilogrammetres. 
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and tbe strain to which the fibres most worked are sub- 
jected is R-« 3,3oox5«:3,3ooX7,56o-=34\9Xio^ 

By applying; the same calculations for the weight of 
10,000 kilogrammes, and only taking into account the 
elastic bend /t"*", 1 9 - o"", 1 4 there is found E= 1 a ,5x 1 0^. 

Thus, although ihe permanent bend under a weight of 
10,000 kilogrammes, is very slight, the elasticity is al- 
ready changed. It follows then, that the wrought iron rail 
can only resist, without alteration, a bending moment of 
little more than 3,3oo kilogrammetres , or about so kilo- 
grammes per square millimetre, and its modulus of elas- 
ticity is E-- 1 '4,3 X 10*. 

The steel rails are subjected to a similar test: but at 
the Terre-Noire works, where the trials have been made, 
the points of support are only 1 metre apart instead of 
t™,io. The following averages show the result of thirty 
three trials : 



WEKWITS. 



BENDING 
QRDBR WBNBT 




PBRNA.NKHT. 



18,000^ 

aOfOOo 

25,000 

3 0,0 00 
35,000 






o a 'i 

a 1 1 

8 o3 

90 ^1 



Only one of the 33 rails tested* broke at 38. 000 kilo- 
grammes^ as for the 39 remaining, thp machinery was 
not suUiciently powerful to fracture ihem. 
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Under the weight of 18,000 kilogrammes, the elastic 
bend being 2"",6 1 — o""", 1 3 , there results E=- 1 8,4 X » o*. 
Under that of ao,ooo kilogrammes there is /= ^""',98 
-o™,a4 and E « 18,5 Xio^ 

Thus, under a weight of 30,000 kilogrammes the elas- 
ticity remains without alteration, though the permanent 
bend is appreciable, but this bend is, in fact, more ap- 
parent than real , and is partially due to as light peuetra- . 
tion of the knife edges conttituting the f>oints of support. 
In the Stiring apparatus for testing wrought iron rails, 
the supports have not sharp edges. 

The steel rails then resist, without alteration in their 

elasticity, a bending moment |x=3£!222^ili5l5 = 5, 000 ki- 

4 

logrHinmetres which corresponds to R = 5,ooo X 7,560 
=^37S8xio«. 

By comparing the above mentioned results, it follows 
that: 

I . Steel rails support, without alteration in their elas- 
ticity, a greater molecular strain than iron rails, in the 

relation of -^= i,5, nearly; 

•J. The relation of the moduli of elasticity is 1-^ 

-= 1,118; 

3. Nearly all the wrought iron rails fracture under 

a bending moment equal to -5!225_i!l5 = 8,95o kilo- 

grammetres, while those in steel resist — "-^^ — ^-^ :^ 

(^,5oo kilogrammetres. As the apparatus employed for 
testing did not possess the strength re<|uisite to fracture 
the steel rails* the exact relation of resistance to fracture 
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cannot be expressed, but it may be seen that this rela- 
tion must be very considerable. 

The resistance of steel rails to shock, is also much great- 
er than that of wrought iron rails. The latter are tried by 
means of an apparatus composed of two cast iron supports, 
distant from each other i'",io, and resting on an oaken 
frame, supported by a solid mass of stonework. A cast 
iron monkey, 3oo kilogrammes in weight, is let fall 
upon the middle of the rail between the supports, and 
the height of the fall is increased until the rail is frac- 
tured. 

The following results have been established at la Vil- 
lette, by means of an apparatus established under these 
conditions : 

Six Vignoles rails nere each cut into two half-rails 
3 metres in length , and each half was tested under falls 
from heights of o"",25, o"*,5o, and o"*,75 successively. 

The tests have been made both in winter and summer, 
in order to ascertain the effect of the different tempera- 
tures upon the resistance to shock. The heights for the 
fracture of the two halves of each rail are given below : 

Winlep i",oo o"',75 i'",35 i",75 i",oo i-^oo 

Slimmer... i",a5 i'",75 i™,a5 9",5o a^So a^5o 

Winter average. . . i^jSi. Average iemperaiare . . — 8* 
Summer average. . i'",96. Average lemperatore « . -f- 3^** 

The steel rails are subjected to a trial much more se- 
vere. The monkey weighs 3oo kilogrammes and the sup- 
ports are i"',io apart, as for the wrought iron rails. But 
these supports include, and make one, with a cast iron 
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anvil 10,000 kilogrammes in weight, founded on the ma^ 
sonry . Gommenciog at i "*, i o , the heights of fall are in- 
creased hy o*,5o. 

Of thirty three cast steel rails tested at Terre-Noire, 
1 was fractured at i^'jSo, i at a metres, d at 3 metres, 
7 at 3'",5o, 1 at h metres, & at ^"'tBo, i at 5 metres. 
The remaining rails to the number of sixteen, resisted 
the greatest height of fall that the apparatus was capable 
of giving. 

Similar appliances enabled the Northern Company to 
institute a comparison between . their new type of steel 
rail, weighing 3o^,3, and the old wrought-iron rail of 
37^,2. The results obtained were analogous. The weight 
of the monkey did not exceed aoo kilogrammes; but the 
other arrangements resembled those at Terre-Noire. The 
heights of fall were successively 1 metre, i"',5o, i'",7o, 
9 metres, s'^f&o, 3 metres, 3'^,/io. Eleven steel rails 
out of twelve resisted the maximum height; only one 
yielded at 3°',Ao, and in this instance, a defect was ob- 
served in the foot, at the section of fracture. Fourteen iron 
rails being tried in the same manner, 1 was broken at 
1 metre, 3 at i"',5o, 3 at i'*,7o, 1 at 3 metres, q at 
9",5o, 9 at 3 metres, and two only resisted at 3™,4o. Not- 
withstanding the difference of section, the absolute relation 
of average heights of fracture exceeds i,56. Allowance 
being made for this difference, it will be found that the 
relation of resistance to fracture, between the steel and the 
wrought iron, exceeds i,56x 1,18 ^ 1,8^1. 

These results induced the Eastern Company lo consider 
the expediency of adopting a Bessemer steel rail of re- 
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duced section, as the Northern Company had previously 
done. The rail was submitted to the inspectioo of ike Gov- 
ernment, and by a decree of the 18^^ January 1873, the 
Eastern Company was authorized to make use of steel 
rails weighing 3o kilogrammes per metre. 

The new steel rail of the Eastern Company has a normal 
length of 8 metres. The joints are fished alternately and 
crossed o'^^Go , so that the joints of one line of rails do not 
correspond to those of the other. Experience has demons- 
trated that this arrangement conduces to the stability of 
the joint sleepers , and to the regularity of laying down in 
curves, also that it lessens the shocks due to the solution 
of continuity and to the slight deflection arising there- 
from. The number of intermediate sleepers, since the 
joints are alternate, is nine per rail of 8 metres. Sliding 
in a longitudinal direction , is prevented by iron wedges 
fixed to the sleepers, and meeting the ends of the fish- 
plates; thus there is no scarf in the foot of the rail, and 
consequently the great weakening, which every hollow 
causes to the steel rail, is entirely avoided. 

All these arrangements are given in ihe drawing exhi- 
bited, to which is added a pattern showing the seetioo of 
the rail. 

Up to the present time, ihe length of line laid down 
with rails of this type is 70 kilometres. The orders in 
course of execution, arc equal to a development of 7/10 ki- 
lometres. 
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PARIS, LYON AND MEDITERRANEAN RAILWAY COMPANY. 

1 . MODEL PM. 

From the year 1 867 ^ the Paris, Lyon and Mediterra- 
nean Railway Company had decided to employ steel rails 
only, in re*laying their lines from Paris to Marseille, a 
distance of 860 kilometres. During a year the number of 
trains on each line exceeds 10,000, at degrees of speed 
attaining to 90 kilometres an hour. 

At the commencement of 1 876, the length of the por- 
tions re-laid, was already i,&5o kilometres of single line. 

Arrangemehi of the line in rmU an the PM moid. — The 
rail exhibited (PM model) weighs 38^,85o per metre. A 
wrought iron rail (modd PLM) is used on all the new 
Mediterranean lines, and the rail in question only differs 
from it in thickness of web , which is reduced from 1 6 to 
1 h millimetres, and in breadth of foot, which is increased 
from too to i3o millimetres. 

In both types the head and foot have the same dis-* 
tance and inclination, and are thus adapted to the same 
fish-plate. 

The normal length of the rail is 6 metres, and it is 
laid on eight intermediate sleepers, and with tlie joints 
not corresponding. 

Fishing. — Each joint is consolidated by two wrought 
iron fish-plates with four holes, and connected by four 
wrought iron bolts 9 5 millimetres in diameter, with two 
sc'rew nuts to each. 'An iron spike which fits into a groove 
contrived under the middle of the fish-plate and under 
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the lower side of the screw nut, prevents the nut from 
unscrewing. 

Method of fastening. — The rail is fixed to each sleeper : 

1 . On the inside of the line by a chair-pin with two 

hooks or claws, fitted into a hole in the foot of the rail, 

in order to prevent the rail sliding in the direction of the 

line^ at the same time to hinder it from canting; 

9. On the outside of the line by a cramp with one 
claw. 

a. MODEL PLM-A. 

Oa the other lines, where the traffic is nut so import- 
ant as on that from Paris to Marseille^ the Paris, Lyon 
and Mediterranean Company has employed, since 1879, 
a rail lighter than the preceding one. 

At the commencement of 1876, the length of lines re- 
laid or formed with this second model, attained to 878 ki- 
lometres of single line. 

Arrangement of line in rails on the PLM~A model. — The 
rail exhibited (model PLM-A) weighs 33**,3o per metre. 
Its section is essentially that of the wrought iron rail 
(PLM model), in breadth of foot, depth, and breadth of 
flange, position of fish-plates, etc. It only differs from it 
in thickness of web, reduced from 16 to 13 millimetres, 
and in thickness of foot, which is reduced 9,5 millimetres. 

The normal length of* the rail is 6 metres and it 
rests either directly, or bv the medium of a bed-plate, on 
six, seven, and in some cases, eight sleepers. 

The two sleepers on either side of the joint arc always 
fitted with l)cd-plates. 
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Fishing, — Each joint is consolidated by two wrought 
iron fish-plates with four holes, connected by four bolts* 

One of the fish-plates is on the same model as that 
employed on the h'ne PM; the. second designated as 
fish«stop-plates , extends below the plane of the rail foot, 
in such a manner as to meet the bed-plates laid on the 
joint sleepers, and thus prevent a movement or shifting of 
the rail. 

The bolts of the fish-plates, and the iron spike that 
keeps the nut from unscrewing, are the same as on the 
line PM. 

Method of fattening. — The rail is fixed to each sleeper 
by means of two screws placed on the edge of the rail- 
foot. The foot h neither pierced nor scarfed. 

Manufacture. — The rails PM and PLM-A are made at 
the works of Creusot, Terre-Noire, Bess^ges, Firminy, 
Saint-Etienne , Imphy and Gommentry, either in Bessemer 
or Martin steel. 

Whatever may be the method employed in the manu- 
facture of these rails, they easily resist the conditions of 
trial hereinafter mentioned, and the results obtained at 
the various ironworks show no appreciable difference. 
However, in some , the Martin steel appears a little harder 
than the Bessemer, while in others the Bessemer steel has 
the advantage. 

Test* for service. < — One peg cent of the rails manufac- 
tured, are subjected to the following tests : 

1. Each rail placed on two points of support, one 
metre apart, must bear, during the space of five minutes, 
in the middle of the interval between the points of sup- 
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port, a pressure of u5 tons for the rail PLM-A, and 
3o tons for the rail PM, without retaining any appreciable 
bend after the trial. 

9. The same rail, in the same position, must bear for 
five minutes, without fracture, a weight of 35 tons for 
the rail PLM-A and lio tons for the rail PM; afterwards, 
the pressure is increased until the rail is fractured. 

3. Each of the halves of the rail, placed on two points 
of support t*", 10 apart, must bear without breaking, the 
shock of a monkey 3oo kilogrammes in weight, falling 
from a height of i^^yo for the rail PLM-A, and of a metres 
for the rail PM , on the middle of the interval between 
the supports, and without retaining, after this test, a 
permanent bend of more than 8 millimetres. 

U. A clean strip, 70 centimetres in length, is to be 
chosen from each casting , and to be placed on two sup- 
ports 5o centimetres apart. It must bear without break* 
ing, the shock of a monkey 3oo kilogrammes in weight, 
falling from a height of i'',3o for the rail PLM-A and of 
i",5ofor the rail PM. 

Re$uU9 obtained with steel. — Up to the present time the 
experiments have given the following results : 

The wear of steel rails proceeds regularly and in pro- 
portion to the accumulated strain, or to the number of 
trains passing over the lines. 

On an average, this wear may be estimated at 1 mil- 
limetre for 5 0,0 00 trains. 

The flange of the rails PM and PLM-A can, without 
being too much weakened, be re-cut or permitted to wear 
away uniformly to the extent of more than 10 roitlimetreK. 
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There is therefore reason to suppose that the passage of 
Boo, 000 trains would be required to put the steel rails 
past service. 

Taking fairly into account, accidents and the possibility 
of mistakes, if only A 00,000 trains are admitted as the 
limit, and on the other hand, if it is remembered that 
the average duration of iron rails, under the same con- 
ditions, corresponds to the passage of 80,000 trains, the 
conclusion is inevitable, that steel rails must be consid- 
ered capable of lasting at least live times as long as those 
in wrought iron. 

BriJcen rmb, — The average number of rails broken , 
so as to render it necessary to withdraw them from the 
lines , is one rail per year for every 1 5 kilometres of line. 
For the most part, the fractures take place within the 
first few days of the laying down and use of the rail, and 
must frequently be attributed to a defect in the manafac- 
ture. After a resistance of some months, it may be con- 
sidered that the steel rail is beyond the reach of accident, 
and cannot be broken. 

Ca9t price. — At the present price of metal (February 
1876), the kilometre on a single line in steel (metallic 
part) costs : 

1 . LI KB PM HOVEL. 

77,700 kiiograinmefi of rails at iho fraiicspertoo. . . i8,6&8' 00* 

666 fish-f^tes (weight 5S3o) at 190 fnncsperton. . 670 66 

1,339 bolts (weight o\7o) at 35o francs per ton 396 34 

9,666 chair pins (weight o^Ji 1 ) al 3Ao francs per ton . 871 '^6 

2,66/1 cramps (weight oSSy) al 3/io francs per Ion. . 353 af) 

Totn! •in.369'61' 
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9. LIH PLM-A MOBIL. 

66,600 kilogrBmnies of rails at 2W10 francs per Ion . . . 1 5,98/i' 00' 

333 fish-plates PM( weight 5^3o) at 190 francs per ton. 335 33 

333 fish -stop -plates ( Pelisses -arr4t) (weight 7S58) at 

900 fr. per ton 5o6 83 

1,339 bolts (weight 0^70) at 35o francs per ton 396 3/i 

' 999 steel bed-plates (weight i\83) at 960 fr. per ton. /175 39 

3,996 iron screws (weight o\36) at A 90 francs per ton . 606 90 

Total i8,93o'o9' 

The four patterns exhibited , come from the iron firms 
designated above. 

Note. For details see the tickets on each of the rails. 

SOUTHERN RAILWAY CaMPANY.^ 

The Southern Railway Company employs steel rails on 
the principal lines of their system. 

These rails are made either on the Bessemer or the 
Martin plan, and are supplied by the various French iron 
works that have set up ihe machinery necessary for their 
fabrication, viz. Iraphy, le Greusot, Terre-Noire, Firminy 
and Commentry. 

With some rare exceptions , the steel rails employed on 
the Southern lines, are all double* headed, and their 
form is the same as that in use for ordinary rails. 

Normal length of rail r)'",5o 

One tenth of rails supplied 5'",/i6 

Distance of sleepera from joinL o'',6o 

Distance between intermediate sleepers o",98 

Rail in Martin steel from the works of the anonymous so- 
ciety of Mteel works and forges of Firminy. — Manufac- 
ture in 1879 38^',ooo 

( The Company has also employed rails of ihe same section 
in Bessemer steel from the works of Terre-lSoire and of 
Besseges. ) 
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' Chairs from ihe iron works of flarquise ( Pa8r<le-GalaJs). — 

MaDufaciured in 1869. — Weight of a chair io''',aoo 

Chair-pins made at the Dervaux works at Yieux-Conde 

(Nord) en 1872. — Weight of a chair-pin o^',4Ao 

Wedges supplied by M. Bastiat, of Dax (Landes). — Manu- 
factured in 187a. — Weight of a wedge..*. 0^*1900 

Fish-plates from the Aiais works. — Manufactured in 1873. 

— Weight of a pair 9'^',! 00 

Fish-bolts manufactured at the works of M. Vankalck, near 

Valenciennes, 1878. — Weight of a bolt o^*,/i'i5 

Brunei hollow rail*in Bessemer steel for lurn-lable , from the 
works ot Terre-Noire ( Loire ). — Made in 1 870. — Weight ' 
per melre run Sli^'Jioo 

Length laid , up lo the 3 1"* December 1 87 4 : 73^",556"'. 

ORLEANS RAILWAY COMPANY. 

The Orleans Railway Company makes use of steel rails 
on those sections of their lines where the traffic is the 
most important. 

These rails, manufactured either by the Bessemer or 
by the Martin pirocess, are supplied by the various French 
firms that have s^t up the apparatus necessary for these 
systems, viz. Imphy, le Creusot, Terre-Noire, Firminy 
and Commentry. 

With some rare exceptions, the steel rails employed on 
the Orleans lines are all double headed, and the shape 
does not differ from that in use for ordinary rails. 

The weight of rail. per melre is 36 kilogrammes for 
those in wrought iron, while for steel it is a little more, 
in consequence of the different density of the two metals, 
and may be calculated at an average 3 7 kilogrammes. 

The rails are 5'^^bo in length, and are fished with alter-: 
nate joints. They rest on six oak sleepers, by the medium 
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of cast iron chairs, and ibis arrangem^it gives an average 

distance between eacb sleeper of -~— *= 9 1 6 millimetres. 

The chair weighs 9^,60 , and has a base surface of 82 & 
square centimetres. 

WESTERN RAILWAY COMPANY. 

The Western Company makes use of steel rails on their 
most important lines. Up to the present time, the rails em- 
ployed hdve been supplied by French firms, viz. Nie- 
derbronn, Imphy, le Creusot, Terre-Noire, Firminy and 
Commentry, and have been manufactured by the Besse- 
mer and Martin processes. At the commencement, a small 
quantity were fabricated in steel cast in the crucible. 

The length of single line laid with steel rails at the 
close of 1876, had attained to 5oo kilometres. 

With the exception of the Vignoles rails, employed on 
the great lines, the steel rails are of the double headed 
type, and are the same in section as the wrought iron 
rails. 

Their average weight is 88^,76 per metre run, or 
1 kilogramiAe more than the wrought iron rails, which 
weigh 87^,75. 

The rails are 6 metres in length, and are fi^ed with 
alternate joints; the fish-plates employed with the steel 
raiU, are also in steel. 

Through the medium of cast iron chairs, the rails rest 
on eight sleepers, 6 metres in length. They are separated 
from each other as follows : 

. The first chair is placed at a distance of o",3o firom 
the extremity of the rail ; 
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The second is placed 0^,70 from the first; 

And the others at o°*,8o , pne from the other, from centre 
to centre. 

The cast iron chair»weig^ 1 5 kilogrammes , and present 
a hase of 683 centimetres square. 

The chairs are fastened by means of two screws, in tho 
straight parts of the line , but for the curves , three are 
used for the row of rails on the greater radius; there are 
also two different models of chairs. 

During the year 1 87 /i , it was decided to adopt a Vi- 
gnoles rail, weighing nearly 3o kilogrammes per metre 
run, for the construction of new lines. The model selected, 
is conformable to the type employed by the Northern Rail- 
way, with the exception however of the arrangement of 
the fishing, which is to be alternated. 

Considerable orders, representing more than 5oo ki- 
lometres of line, have been given, and can be executed 
and delivered during the ensuing years, when required 
by the lines now in course of construction. 
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COLLECTION OF LITHOGRAPHED TYPES 

OF THE PLANT AND ROLLING STOCK 

ADOPTBB 
BY THB PRINCIPAL FRENCH RAILWAY COMPANIKS. 



Portfolios of drawings. 

In 1667, the great railway Coinpaoies exhibited a col- 
lection of types of their plant and rolling stock in general 
use at that period. 

This collection , to which are constantly added the mod* 
ifications suggested by experience « constitutes an assem- 
blage of lithographed drawings which possesses the merit 
of presenting with accuracy the existing state of the plant 
of the principal Companies. 

It has been thought that a review of the alterations that 
have taken place during a period of nine years, would not 
be devoid of interest, and that the various improvements 
necessitated by the great development of French lines of 
railway, would be worthy of the attention of professional 
men. 

It is not intended to describe in this notice the nu- 
merous drawings contained in the collection, but simply 
to place in view the principal peculiarities of the French 
plant and rolling stock, and to furnish a few succinct ideas 
relative thereto : 1 . with regard to the line upon which 
the plant is employed, and 3. the working arrangements. 
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S If Permanent way. 

LinUt of curves and gradients. — When railways were 
first established in America, the country was, so to speak , 
new , and comparatively unprovided with lines of commu- 
nication. This was not the case in France , where the spe- 
cial functions of this novel method of locomotion were to 
realise, in connection with the ordinary roads ^ on the one 
hand, an accession of speed for travellers, and on the 
other, a considerable saving in the transport of goods. At 
the commencement of railways in France, some of the 
leading principles of the English lines were adopted, in 
respect of light gradients and large curves, but later, the 
rules first laid down , were departed from to a certain ex- 
tent, in order to lessen the cost of construction in hilly 
districts. Nevertheless, curves of 3oo metres, and gradients 
of 3o to 35 millimetres, are still the extreme conditions, 
and these are only met with under circumstances of an 
exceptional character. 

Permanent way laid mder favourable conditions. — The 
permanent ways in France are distinguished by the sub- 
stantial character of their construction. The necessity and 
advantages attending this feature of their establishment, 
were recognized at an early epoch in the history of French 
railways. In fact, from May 1 8^7, rails of 97 kilogrammes 
were replaced by rails weighing 35 to 37 kilogrammes 
per metre run, and since that period, the conditions of 
railway concessions have always enjoined for the principal 
lines, a weight of more than 35 kilogrammes per metre. 
One metre was for a long time the average space between 
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the points of support, that is to say, one sleeper per 
metre run. But for lines upon which the traffic is the most 
considerable , the distance between the sleepers has been 
greatly reduced, as can be seen by referring to the do- 
tices relating to lines recently laid with steel rails. 

The whole of the permanent way rests on a bed of good 
ballast, the thickne^ss of which, measured from the lower 
face of the sleepers, is generally 3o centimetres. 

S II. — Crossings. 

SIGNALS AND ACGBSSOIRBS. 

Crossings and sidings, — The switches are nearly all on 
the English model ( Wild's system), in which the tongue 
diminishes in sixe and, terminating in a point, identifies 
itself with the rail. 

All the parts are now made of steel. In laying the cross- 
ings, there exists a marked tendency to do away with the 
frame or longitudinal sleepers, and to substitute cross 
sleepers as nearly similar as possible to the ordinary way. 

The transmission of the switch movement to a distance , 
is in course of experiment on some lines. 

Tum-tabUs and traversers. — The ordinary torn-tables 
for carriages , are generally made of ca»t iron , while those 
of 1 o to 1 /i metres in length, intended to bear an engine 
with its tender, are usually formed of two iron plate gird- 
ers, and moved by small portable engines of ^ to G horse 
power. 

The shed traversers arc also frequently furnished with 
small engines, and sleam traversers are in course of trial 
for the service of cerlain groat goods stations. 
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Water supply, hydrants, — Formerly, the water was 
supplied by means of enfpnes with fixed boilers, that is 
to say, laid in masonry. But it has been found more ad- 
vantageous to employ a portable engine, partially fixed, 
and capable of being easily changed or conveyed to the 
shed for necessary repairs. The Northern Railway Com- 
pany even uses the ordinary portable engine mounted on 
wheels, and working the pumps by means of a driving belt. 

The ordinary hydrants are not adequate to the supply 
of large engines, during the short space of time allowed 
for the stoppage of an express train, and it is now a con- 
siderable time, since the Northern Company substituted 
for the ordinary hydrant a small reservoir, containing 6 or 
7 cubic metres, communicating with the large reservoir 
and discharging itself promptly. This example has been 
followed by other lines, and notably so by the Western 
Company, whose reservoir mounted on cast iron pillars, is 
worthy of attentioo. 

Station signals. — The Government regulations ordain 
the use of signals at all stations. For the most part they 
consist of round sheet iron discs, turning on a wrought 
iron spindle, in such a manner as to show at discretion, 
a red side, commanding the stoppage of trains. These 
discs are worked at dbtances of from i,ooo to 
i,5oo metres, by means of levers and iron wires. The 
most serious difficulty to surmount, was the difference in 
the length of the wires caused by dilatation. This pro- 
blem has been solved in a satisfactory manner by various 
means shown on the drawings furnished by the Compa*- 
uies. One arrangement , which is being generally adopted , 
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is thai of a counter-poise, Roberts system, and is much 
used on the Northern Railway. 

The distance discs are not visible from the manoeuvring 
point, and are connected by electric bells in order to an- 
nounce the correct working of each. 

The Lyon Railway uses semaphores, placed in the inte- 
rior of the stations, and at several points on the line, to 
preserve a proper distance between the trains. The Orleans 
Railway employs for the same purpose a special round disc. 

Signals of a yellow-colour are used in certain cases for 
the lines or for goods trains. 

In the interior of the great termini, it is often necessary 
to establish a communication between the different' switch* 
l)Oxes, and this is effected by electric apparatus; or more 
firequently by small discs of various shapes, worked by 
wirea, but having no significance for the engine-drivers. 

It may be noticed that wrought and cast iron have 
been substituted for wood, in the uprights^ frames^ and 
other parts of the apparatus. 

Junction signals. — The junction lines are protected in 
all directions by a system of signals, the wor.king of 
which, is combined so as to avoid collisions. The Northern 
Company, for example, places in advance of the points 
of junction a special square indicator, quartered in green 
and white, at sight of which the engine-driver is to slacken 
speed. In addition to this, a square red signal, furnished 
with a petard or detonator, is placed at a distance of 
too metres from the point of crossing. This signal com- 
mands the absolute stoppage of trains. 

The Lyon Railway gives warning of the approach to a 
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crossing by means of a transparency, bearing the word 
atop, which indicates the point not to be passed, when 
the line is not clear. This latter signal is made from the 
post of crossing, by two unequal semaphores, the largest 
of which has reference to the main line, and the other to 
the branch. 

In order to distinguish, at night, the absolute stoppage 
signal from the simple safety 'disc, the Western Company 
makes use of a lantern in which a single lamp shows two 
red lights by means of reflectors suitably arranged. 

Interlocking of switches and signals. — From i85&, 
M. Vignier, one of the engineers of the Western Railway 
Company, proposed to connect the levers of the switches 
with those of the signals. Iron connecting rods, moved by 
the levers themselves, are fitted with notches or ring^ 
hooks combined so as to interlock both. With this contri* 
vance a junction cannot be formed by the switch, nor can 
a train cross another line, until the proper signal has been 
made. This method of interlocking is also to be recom- 
mended in the case of signals protecting the turn-tables. 

This system was applied for the first time at the Viro- 
flay junction near Versailles, and being in general use on 
the Western Railway, will probably be adopted throughout 
France. During these latter years it has been employed on 
the English railways, notably by the celebrated construo^ 
tors Saxby and Farmer. 

Blocking of trains. — On the most important lines, great 
advantage has resulted from the plan of putting an in-- 
terval of distance between the trains , instead of an interval 
of time. For this purpose, the line must be divided into 
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a cerlain number of $ectioni, into each of which only one^ 
or at most, two trains are admitted. This is the English 
block'^itemj which affords greater facilities for the traffic 
while it assures the safe working of a double line. 

The block*^ystem is employed on various lines in 
France. The Lyon Railway Company makes use of the sta- 
tion distance signals » for this purpose , adding the English 
Tyer apparatus. The Western Company has boxes fur- 
nished with distance and complete stoppage signals. The 
electric apparatus employed, is due to M. Regnault, one 
of the principal managers of the line. 

The Northern Railway is testing the semaphores of 
M. Lartigue, inspector of the telegraphic service, and an 
eipenment is being made between Paris and Creil, a dis- 
tance of 5o kilometres. In this system, a single movement 
of the lever, signals to the preceding station , and conveys 
at the same time, the necessary indications to the station 
towards which (he train is proceeding. 

Fog iignah. — During a fog the engine-drivers cannot 
see the signals from a distance, and to remedy this incon- 
venience, the Northern Railway has put upon trial a.system 
of MM. Larligue and Foret. A metal plate, A or 5 metres 
in length, is placed between the rails, some hundreds of 
metres in advance of the signal , with which it is connected 
by an electric wire. A strong wire brush is fixed to the 
locomotive, in such a manner as to rub the fixed plate. 
When the disc is closed, the brush is subjected to electric 
influence, and by means of an electro-magnet it sounds 
a small steam-whistle. It then behoves (he engine-driver 
to take immediate steps for the stoppage of (he train. 
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POLLING STOCK. 
SI. — Adaptation uf thb rolling stock to thb nature 

- OF TUB LIMBS AND THB TRAFFIC FOR WHICH IT IS RBQUIRBO. 

The general conditions of the establishment of the per- 
manent way have been dwelt upon at some length, in 
order to demonstrate that they are in perfect accordance 
with the rolling stock intended to circulate upon the lines. 
The carriages are of the English type, that is to say, with 
two or three rigid axles, which would not permit a great 
degree of speed in curves with small radii. On the other 
hand, in an economical point of view, as regards the 
working, this system has afforded, up to the present time, 
the advantage of the greatest absolute utility, or in other 
words, the smallest dead weight in proportion to the load 
carried. 

8 11. — Traffic. 

Nature and tpeed of trains. — The condition of canals 
in France and the arrangement of navigable ways, still 
leave to railways the transport of a large proportion of 
heavy materials and agricultural products, viz. coal, min- 
erals, stone, cast and wrought iron, wine, grain, etc. The 
goods trains are generally heavy, and run at the slow- 
speed of 9 3 kilometres per hour, average rate, not includ- 
ing stoppages. The cattle trains most frequently travel 
3o kilometres per hour. 

The conveyance of goods at full speed, is effected by 
ordinary or mixed passenger trains, at a rate of from ho 
to 5o kilometres per hour^ stoppages not included. 
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And finally, the fast or express trains attain a speed of 
60 to 73 kilometres per hour, according to the impor- 
tance of the direction. 

On branch lines . where the traflic is of less importance , 
the trains are generally mixed, carrying goods and pas- 
sengers at the same lime, with an average speed of from 
35 to A 5 kilometres per hour. 

Compositian offouenger trains. — It is known to all engi- 
neers that European railways admit of three classes of 
passenger carriages. In France, mixed trains consist of 
carriages of all classes. Express trains were from the com- 
mencement exclusively composed of first class carriages, 
but at the present date there exists a strong feeling in fa- 

• 

vour of the addition of a second, and even of a third class, 
for long distances. This innovation is already an accom- 
plished fact on certain lines and for certain trains. 

The preceding statements having sufficiently indicated 
the principal conditions of the establishment and working 
of French railways, they will now be followed by a des- 
cription of (he rolling stock of the lines. 

S III. — Carriages and wagons. 

Advaniagen of the French plant in the favourable relation of 
dead weight to actual load carried. — Of aU plant con- 
structed on the English type, the French presents the 
most perfect realisation of utility, and in order to facili- 
tate comparison, some examples, in a synopsis of dead 
weight and actual load, will be given at the end of this 
chapter. 

This small relation between dead wei{j[ht and actual 
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load must not be placed merely to the credit of excellence 
of construction, but also to a judicious appreciation of 
the load or carrying capacity. Since 1869, the Northern 
Railway, having to run coaHrains direct between Belgium 
and Paris, a distance of more than 3 00 kilometres, 
substituted wagons containing to tons for those car- 
rying 6, and the dead weight per ton of actual load 
was diminished from 55o kilogrammes to &00. At the 
same time locomotives with six coupled wheels, were con- 
structed for the same service, weighing 3si y ^ons, and 
drawing trains of &30 tons gross, at a speed of ati kilo* 
metres per hour, on lines with gradients of 5 millimetres 
per metre. At the present day these trains weigh 63 tons, 
and are drawn by locomotives with eight coupled wheels 
weighing from /lo to && tons. Various circumstances, re* 
lating to the loading and unloading on the coal lines or 
stations, have caused the retention of this load limit of 
1 o tons i but there are strong reasons for believing that 
this figure will eventually be augmented* to 1 a or 1 5 tons, 
without increasing the number of axles, as soon as the 
rails on the principal lines are replaced by steel rails. 

Carriage of passenger (rotiw. — The passenger car- 
riages have all 4 wheels , except on the principal lines of 
the Paris, Lyon and Mediterranean Company, where 
6 wheels are used. 

It has been already stated that there were three classes 
of carriages. 

First class carriages have 8 seats in 6ach compartment. 
The second and third class have 10. The third class car- 
riages have no cushions or back stuffing, and the backs nre 
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more or less high , without reaching the top of the carriage , 
except in the compartments reserved for ladies only. 

First class carriages most frequently consist of 3 com- 
partments, the second class of &, and Ihe third of 5. In 
order to secure the stability of carrii^^es, when travelling 
at a high rate of speed, their length has not been in* 
creased in proportion to the distance of the axles from 
each other. 

The distance between axles has reached its limit; not 
according to the radii of curves, but owing to the di- 
mensions of the turn-tables generally employed in the for- 
mation of trains in the stations. The distance between the 
axles is li"'^to and k metres, on the Lyon, Northern and 
Western Railways, while on other lines it is 3"',6o on the 
average. At the present time a reaction is operating against 
the constraint arising from the size of the turn-tables , and 
the means of obviating this inconvenience are in course 
of consideration, at least for trains going long distances, 
without separating. 

The carriages are connected by means of screw cou- 
plers, acting upon springs which bring the buffers into 
contact and press them together in such a manner as to 
avoid the movement of oscillation. Two chains, called 
safety chains, complete the coupling, which is umfortnfor 
all the carriages. 

The body of the carriage rests on a frame, for the side 
pieces of which, iron is coming more and more into general 
use. The Lyon Company constructs the frame entirdy of 
iron. 

The axles are of wrought iron , and more rarely, of soft 
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steel. The wheels are of three kinds : i .Wheels in wrought 
iron with a cast iron nave; 3. Entirely in forged iron 
(Arbel type); 3. In rolled iron with the shape of a complete 
disc, in order not to raise the dust 

Cast iron wheels are not used. 

The tires are in wrought iron or soft steel. 

The greasing is usually effected by means of oil boxes. 

In addition to the general arrangements, of which men- 
tion has been made, various combinations exist, answering 
to special requirements , and which deserve notice. 

(A) Fir^l class carriages provided with coupes or com- 
partments capable of being converted into beds during 
the night; 

(B) Skepng carriages on four wheels (Mann's system), 
in which the introduction of c( sleeping-cars )7 something 
like those used in America , has been attempted on a small 
scale; 

(C) Carriages open or closed, with roof seats, for the 
service of the suburban lines of Paris, or the different 
branches ; 

(D) Carriages with compartments of different classes, 
for the service of the small branch lines ; 

(£) Carriages WiikL a central or lateral passage, adopted 
on secondary lines, with the view of facilitating the 
examination and even the delivery of tickets during the 

journey, etc. etc. 

(F) 7ratv//ii^ post offices, special wagons. 

Certain vehicles form part of each train , and always run 
at the speed of passenger trains. These are the luggage 
vans, in which the guard travels, and the horse boxes for 



96 COLLECTION OF LITHOGRAPHED TYPES. 

the transport of horses, and capable of containing from 
3 to 7 of these animals. 

The establishment of a cammunieaiioH between the pan- 
engers and the persons managing the train, has not hitherto 
admitted of a definitive solution. Some experiments are 
being carried on by the Northern Railway Company, and 
thus far, the results appear satisfactory. The apparatus 
employed, consists of electric communication arranged 
according to the Prudfaomme system. 

Goods wagons. — The general conditions of coupling, 
frame, wheels, etc., are the same as for passenger car- 
riages. There are three principal types of goods wagons, viz. 

(I) Cot'ered wagons, with windows most frequently 
closed by means of sheet iron shutters. Their load limit 
varies from 8 to i o tons according to the traffic of the lines : 

(II) Trucks, with sides o",8o to i",90 in height, for 
the transport of coals, minerals, etc. Their carrying capa- 
city is 1 tons ; 

(III) Open trucks, sometimes without any sides, but 
generally with a movable hinged side o^'fSo in height, 
capable of being lowered at discretion. Their carrying 
capacity is in general lo tons. These trucks are fur- 
nished with ropes [caUed prolonges) for securing the goods, 
and sometimes with tarpaulins to protect them from the 
weather. A certain number of open trucks are appropriated 
to the transport of long timber, and for this purpose , they 
are fitted with a transverse piece of wood , turning on a 
pivot fixed in the centre of the truck. The ends of the 
timber rest on this cross piece, and vertical iron bars keep 
them in position. 
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. Brakei. — The adoption of two axles only, for one ve- 
hicle, enables the brake power to be adjusted upon prin- 
ciples of great simplicity. The most recent improvements 
tend to accelerate the action of the brake, by a careful 
study of the proportions between the screw and the va* 
rious levers; also by enabling it to be more rapidly with* 
drawn. In these respects, attention will be directed to the 
brakes on StibnmUs «yj<em(Charentes or other carriages), 
or to those of the passenger carriages and goods wagons 
of the Western Company. The amnter^poUe brakes on 
Bricogne^s system should also be noticed. These last are 
in use on the Northern Railway; the counter- poise ac- 
celerates the action of the brake blodcs, and the wagon 
brake next to the locomotive , can be thrown out of gear by 
the engine-driven The counter-poise and disconnecting 
gear have also been adapted by M. Bricogne to Newall's 
continuous brake system, which thus enables one man to 
apply the brake to three carriages or wagons. 
• 

. S IV. LOGOMOTITBS. 

The conditions under which the permanent way was 
established , preclude the necessity of employing the bogie 
or movable fore-part, which is not used on any engine in 
France. Locomotives have, for the most part, 6 wheels, 
placed under the cylindrical body of the boiler. The fire? 
box usually overhangs , as the nature of the fuel consumed 
is such, that only grates with a surface varying from 
1 metre square to I'^^Go are employed. Nevertheless, the. 
Northern Railway lines being in close proximity to Bel- 
gium, the Company found it expedient to burn small coal, 
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and consequently their grates were made with a surface 
. of from i"',5o to a"*,5o square, the fire*box being above 
the trailing axle of the engine. The fuel employed is almost 
always coal, v€ry rarely coke, and at the present time 
all the companies burn eonghmeraied fuel, i. e. small oaal 
mixed with pitch and compressed into the form of bricks. 
Free wheel locomotives. — These engines have been much 
used for fast trains, and are (Kvided into two principal 
types, of nearly equal number, viz. 

(I) Engines on Cramptons system (Northern, Easlern, 
and Lyon), in which the large driving wheel, having a 
diameter of from q'",io to q"^,3o, is placed behind the 
lire-box ; 

(II) Engines on the Stephenson model, in which the 
driving wheel is in the middle, the third pair of wheds 
being behind the fire-boK. On'this model are made the 
inside cylinder (Lyon) and outside cylinder engines, the 
former having the frame altogether inside (Eistern, Soutlh 
ern, and Orleans), while the latter have a double frame 
(Orleans, Western, and Northern). 

Locomotme widi 6 eoxipkA wheels, — The use of this 
description of engine was at first confined to mixed trains, 
but it has since been adopted for express trains. All sorts 
of models are in use. There are some in which the coupled 
wheels are placed in front, but in general, it ia consi- 
dered better that a pair of free leading wheels should 
occupy that position, in order to guide the engine. On 
their principal lines , the Orleans and Lyon Railways use 
express engines on the inside cylinder model, for which a. 
fourth axle, with a pair of leading wheels, is placed be- 
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hind the fire-box, tkus securing the perfect stability of 
the locomotive. The Western and Northern Companies also 
prefer the inside cylinder engine. 

Locamdtives with 6 coupled wheels, ^ — At the present 
time , these are almost always made^ on the outside cylinder 
model, and 5 in working order, weigh 36 -f .tons. A few 
light engines, of 3o tons, are sttll cdns^cted, and are 
employed for mixed trains on branch lines. Nevertheless, 
certain lines pass thmogh districts so uneven and hilly, 
though forming sections of the principal railways, that 
ordinary passenger trains have to be drawn by powerful 
engines; and it is for such work that the Orleans and 
Southern Companies employ locomoitives weighing from 
3& to 36 tons, with 6 ooupied wheels i'*,6o in diameter. 

The greater number of the tank engines allotted for 
station duty, namely, the formation and separation of 
goods trains, have 6 coupled wheels. The dimensions of 
this description of locomotive are very limited, and it 19 
principally used on secondary lines. 

Locomotives witli 8 coupled wheels. — These engines are 
m general use on all the principal lines, except the West- 
ern. By the Northern Railway Company, they are employed 
to draw heavy trains carrying full loads and going long 
distances* On the Orleans and Lyon Railways, they are 
reserv^ for service in the difficult or hilly sections. On 
the Eastern and Southern lines they serve for both pur** 
poses. All have their machinery and cylinder outside. 

Speeial tocemotives. -^ In the department of Cantal., 
for a mountain line on which the gradients are 35 miHi*- 
metres, the Orleans Company has had tank engines cons- 
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trueted with lo coupled wheels, and weighing 60 tons 
when at work. One of these engines was shown at the 
Exhibition in 1867. 

In another order of engines, may be mentioned those 
on Meyers system, on the H^rault railway. This line is 
laid with rails of d5 kilogrammes per metre run, and 
comprises gradients of 9 5 millimetres, and curves with a 
radius of a 00 metres. These locomotives weighing 5o tons 
each (fuel- and water included), consist of a single boiler 
resting on two trucks, each having a pair of cylinders 
and 3 coupled axles. 

General remarks an the constituent parts of the locomotive* 
— The system of interior frames with outside cylinders 
and movement, prevails in the majority of engines. The 
frame- work is composed of side girders of plate iron 
rolled in one piece. 

The wheels are always in foi^d iron, and most fre- 
quently with steel tires. The employment of steel has 
become general for many of the constituent parts of the 
locomotive. 

The use of balance beams for the bearing springs, is 
only beginning to be introduced on some lines. 

The boilers are in iron plate, with copper fire-box-and 
brass tubes. Some have been made of cast steel plate, by 
way of experiment. Before its use upon the line,, every 
boiler is subjected to the test of hydraulic pressure, and 
the trial is made in presence of a Government official. 
This test is repeated every time the boiler undergoes im- 
portant repairs. 

The Government also enjoins the adoption of certain 
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measures and precautions of safety. Such for example 
as, a grating or spark-catcher, to prevent the escape of 
fire-flakes from the smoke-box ; an ash-box to keep the 
cinders from being scattered along the line, to the great 
danger of fire; a glass water-gauge and cocks indicating 
the level of the water, and finally, two safety-valves. 

The practice of allowing a variable escape of steam from 
the valves, is general, as also the substitution of GilTard's 
injectors for one or even two pumps. 

Cmsumption of smoke, — About i855, when the loco- 
motives commenced to burn coal, various plans were 
tried with a view to the consumption of smoke, but the 
experience acquired by the stokers and the selection of 
suitable fuel, have rendered these arrangements super- 
fluous. On the Eastern and Orleans lines some fire-boxes 
on the Tinbrinck system may still be found. The air intro- 
duced into the fire-box, meets an inclined boiler-tube and 
mixes with the heated gases. On the Lyon Railway, a series 
of small jets of steam accomplishes the same object. They 
issue from a pipe placed in the interior of the fire-box, 
above the door, after a plan patented by M. Thierry. 
• Reversing movement of screw and brake effected by means of 
steam. — During the last few years, the reversing levers 
have been replaced by screws, moved by a fly wheel. This 
arrangement permits the stoppage to be effected by re- 
versing the steam , and has been skilfully combined with 
the discharge of a jet of water or steam into the exhaust. 
By this means speed can be slackened during the descent 
of long gradients, by employing reversing steam, on the 
system of M. Le Chatelier. 
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SYNOPSIS OF DEAD WEIGHT OF THE YARIOOS VBHIGLBS IN BBLATIOfl 
TO ACTUAL OR PAYING LOAD OF 1 TON. 



DESIGNATION OF YBHIGLBS 
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of 
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or MATS. 



S«iii 



WEIGHT 
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in 
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S I. PA8S»flOIR GARBU«B8 AND l.Wi9A»M VAVB. 
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GJWmita: Sidio pirces in 
iron 1870 s& i,&&o 



S"** C1.AM. 
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TIROk 



Fsm-Iyoii' 

Frame in iron (6 wheels). 
Wmftm : Frame in wood. 
Wnttrn :■ Frame in wood 
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Frame in iron .....■■.. 
NorAtrn : Side pieces in 

iron 

r^rw - LfOA - mttk^wPibiSt • 

Frame in iron 

Wmt$m : Frame in wood 

with imperial 

EMftm ; Svitem Yidard 

^ith cIoMd imperial. . . 

Sot/Asm : Fttmein wood. 
Western : Frame in wood. 
OrUm$ : Sido pieces in 

iron 

Pmia''lAf9n - lAUjfsrrcNd* 

Frame in iron 

fiorOum : Side pieoe$ io 
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1872 
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1873 

1873 

186& 

1867 
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1S74 
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iron ( 6 wheels ) ; 187& 
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Ao 

70 

Ao 

&o 

So 

86 

80 

Tosa 

5 

6 

k 



% U. Goods wagms. 
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C«Aft^WA«OM. 
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Eagtem : Side pieces in 

iroa (body /i*,8o)... . 
OrUan* : Side pieces in 

iron 

Northern : Side pieces in 

iron 

Paris - Lyon - Hedilemtn^B : 

Frame in iron 

Western : Frame in wood . 
OrMuw : Side pieces in 

iron 

Northern : Side pieces in 

iron 

Pans ' Lyon - Midkerranie ; 

Frame in iron 

ScuAtm : Frame in wood. 
iVoffftsm : Side pieces in 

iron 

ChareMtes : Side pieces io 

iron 

Paris ' Lyoti " M6iiUrrands ; 

Frame in iron 
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10 

8 

10 
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10 

to 

to 

10 

10 
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to 
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l»,000 

5,000 
6,000 
A, 000 
6,000 
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8,000 
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10.000 
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6,900 

0*000 
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7,&oo 
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7,000 

7,5oo 

6,&oo 
6,800 
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9.000 
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I 
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- ' 



5,3oo 
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WEIGHT 
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for 1 ton 

of 
aciaal load. 

Uogr. 

4,3oo 

4,600 

5,4oo 
9,700 

1,800 

3,5oo 

9, too 

9,3oo 

i,35o 

t,&6o 

i,loo 
i,4oo 

1,900 

i,85o 
1,800 

44o 

750 

^4o 

870 
43o 

45o 

5oo 

S3o 
43o 

44o 

5oo 

58o 



THIRD SECTION. 



INTERNAL NAVIGATION, 



RIVERS AND CANALS. 



XVI 
NAVIGATIOIN BETWEEN PARIS AND AUXERRE. 

SUBSTITUTION Of CONTINliOUS NAVIQATION 
KOI TUR INTERMITTKNT SYSTEM OP R iOLUSKBSi) <') ON TIIR YONNK. 



Drawin(;8 on scales varying from o'.ooo 0^5 to o**,5.' 

Tbe waler communication between Auxerre and Pai'i!< 
follows tbe line of the Yonne between Auxerre and Mun- 

tereau, for a distaoce of 1 1 9^586'" 

aad tbat of tbe Seine between Moutereau and 

Paris, for a distance of. 98,000 



Total length 91 7,586 



in 



Tbe navigation between Auxerre and Paris was inter- 
mittent for more than three centuries, and during 8 or 

'^ ^EcliiseesT) on the river Yoiine, are teoiponfry and faclilioiis risings 
of water, created by the regular and successive closing and opening of the 
navigable passages and barrages e-stahlished along its course, nitd these W 
/lies of water carry the various boats, rafls, etc. 
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9 months in the year, from March to November, was car- 
ried on by means of ^clus^es of the upper Yonne ^*'. 

The continuous system of navigation, procuring a mioi- 
mum depth of water of I'^yOo , has been in operation since 
the month of September 1871, between Paris and La- 
roche, and since the month of September 1874, as far 
as Auxerre. This result has been brought about by the 
establishment of 19 movable barrages with locks, on the 
Seine, and 9 5 movable barrages on the Yonne. Twenty 
two of these latter are provided with locks, and three 
come under the head of derivations or cuttings. 

THE RIVER YONNE. 

The course of the river Yonne between Auxerre and 
Montereau (represented by a general plan and a longitu- 
dinal section), is divided into two parts. The first part 
between Auxerre and Laroche, 97,616 metres in length, 
is from 60 to 80 metres in breadth, with an average slope 
of o"',ooo 667 per metre, and a discharge of i3 cubic 
metres at low water mark; when the river is high, 
the discharge varies from 3 00 to 5 00 cubic metres. TBe 
second part from Laroche to Montereau, 91,976 metres 
in length, has a breadth of bed from 80 to 100 metres, 
an average slope of o",ooo 3/19 per metre, and a dis- 
charge of 17 cubic metres at low water mark; during 
great risings the discharge varies from 700 to 1 »i 00 cubic 
metres. 

^') From the previous note it will be seen that the word veclusee^ ba9 no 
equivalent in Engliftii. Tliough (he wofd R^iue? signified a lock, in iiie 
present instance tliere are no lucks in question. ( Trartf/aCoi*.) . 
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Of the n 5 locks on the Yoone<» 9 a have a breadth of 
invert of io"',5o and a working length of 96 metres; they 
are thus able to receive 6 canal boats or two rafts of wood, 
coupled. 

The three other locks, which are old, have a breadth of 
8*,3o ; two of these, vis Epineau and Port-Renard , have 
a working length of 181 metres, and can also receive 
6 canal boats or two wood rafts. The third, that of Ghat- 
nette at Auxerre, has a working length of 9 3 metres; and 
can receive 3 boats or one raft. 

All the gates of the locks are of wood , and each gate is 
worked by a circular rack and pinion with a winch. » 

Between Auxerre and Montereau, there are twenty five 
movable barrages and three derivations. 

Three of the twenty five are old, and on the system 
Poir^e, that is to say, they have a permanent or fixed 
weir, in masonry, and a passage closed by trestles and 
paddles ^^\ These are the barrages of Ghainette, Epineau, 
and Port-Renard. The twenty two new barrages have a 
passage closed by movable shutters (Ghanoine's system), 
worked by a bar furnished with cams, and by the aid of 
a boat. In thirteen barrages between Laroche and Mon* 
tereau, the weir is surmounted by movable shutters and 
worked by the aid of a foot-bridge, and in sly, between 
Auxerre and Laroche, the weir, is surmounted by trestles 
and paddles, with a foot-bridge at least q5 centimetres 
above the head water level. This foot-bridge has not been 
raised to the usual height, owing to an apprehension, 
that the paddles might be difficult to work. One barrage 

^') These are somelimefl called n^kw, ( Tratulalor.) 
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only, thai of rtle*Briil^e , near Auxorro, is fitted with 
large shutters (Girard's system). 

The sill of the passage is generally placed 5 o or 60 cen- 
timelres below low water mark; but the capping of the 
wt?irs of the three barrages, on Poir^e's system, is level 
with the bead water; the sill of tb^^ other weirs is So cen- 
timetres below low water mark. 

In order to avoid abrupt bends in the riv^, three dori* 
vations or cuttings have been made . vis. 

That of Gurgy, with a length of 5,007 i^^^^^- 

That of Joigny^ with a length of 3,5 7 & metres. 

That of Gourton, with a length of A, 1 36 metres. 

These three derivations shorten the distance from Non- 
tereau to Auxerre by j 1,^09 metres. 

At the head of each derivation , there is a stop-gate to 
keep OQt the flood water. 

The breadth at the bottom of each derivation is 1 6 me* 
tros, and the depth below the normal level of the water, 
i",8o, with a talus of 3 metres of base for 9 metres of 
height, which gives a breadth of at "",40 at the surface 
of the water. The banks or towing pathi^, are from h te 
6 metres in breadth, and are elevated at least 5o centi- 
metres above the highest inundations known. The passage 
under the bridges is reduced to io"*,5o, and the hei{jh( 
of the intrados above the Jevel of the water, is a'^^So. 

THE RIVER SEINE. 

Between Monlereau and Moret, for m kilometres, the 
Seine has. a breadtti of bed 100 to 110 metres, an ave- 
rage slope of o",ooo 918 per metre, and a discharge of 
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a 8 cubic metres at low water mark. Between Moret and 
Paris the breadth of the river is from 160 to 170 me- 
Ire9» the average slope o^'^oooigS per metre, and the 
diseharge at low water, 3d cubic -metres below Loing, 
and 59 cubic metres below the Marno, at the entrance of 
Paris. The dischaiegi, when the river is very high, variea 
from 900 to 9,000 cubic metres per second, between 
Montereau and Paris. 

Below Montej^eau, the height at low water mark ia 
0*^,50 to o*'f6o. The risiags commence at a height of 
9'',5o; the navigation up tha river is stopped at 3 metres, 
and the dowo navigation at about 3'',5o. The most coo^ 
siderable risingp» attain a height of &'*,9o at Mantereau, 
S'^.So at Melun, 6°',35 at Gorbeil and 7°',5o at Paris. 

The navigable conditioii of the Seine between Monte^ 
reau and Paris, previous to the month of September 1871, 
was powerfully influenced by the system of « ^dusfes )» o» . 
the Yonne; so that for neajtly three quarters of the year the 
navigation was intermittent. This precarious and inconve- 
nient state of things on a river, of such importance as the 
Seine , has ceased to exist since the month of September 
1871, owing to the construction of twelve barrages du- 
ring the last few years , between Montereau and Paris. 

These twelve barrages had been constructed according 
to Ghanoine's system, that is to say, with movable shut- 
ters I'^.ao in breadth for the passage, and shutters, called 
self-acting, i",3o in breadth for the weir; the space be- 
tWeen the shutters when raised, was ©""^lo. The barrage 
at Melun has alone, retained for the weir, the trestle and 
paddle system in use on the right branch of the Seine. 
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Experience has led to the detection of some faults in the 
working of the original shutters, and a -movable foot- 
bridge on trestles, and with a plank flooring, has been 
constracted on the upper or head side of the shutter-weir. 
From this bridge the shutters can be worked with facility 
and security, by means of chains and a travelling winch. 
(See model.) 

The navigable passages in masonry, are from ho'^yko 
to 65*", to in breadth; the sill is in wood, solidly embed- 
ded in a platform i o metres in breadthi) and is 3 metres 
below the level of the head water, and o",6o below low 
water mark. The new weirs are 6o",3o to 70"*, to in 
length, and the sill is o'*,5o above low water mark; the 
platform, U metres in breadth, is formed by a wooden en- 
closure filled in with beton and surmounted by cross- 
beams, also in wood, between which is a paving in stone- 
work. Each weir is comprised between a pier 3 metres in 
thickness, which separates it from the passage, and a 
spur, connecting it with the bank. 

The locks have a chamber 1 9 metres in breadth with a 
working length of 180 metres ^'^ so as to receive 1 9 canal 
boats or four rafts of wood. 

The lower sill of the lock is placed at least i"',6o 
below the head water of the lower barrage, this head 
water being supposed to be horizontal. 

The cappings of the barrages and locks are at least o*", &o 
above the upper water level. 

-') These cxceplional diinciisions appeared necessary on account of thegreal 
number of crall of all descriplions and tonnage which arrive from the Yonne. 
the Pplile-Seine and Ihe ports of llie Seine between Monterean pnd Pari*. 
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TBLBGRAPIG GOMMDNICATIOR. 

A line of telegraph has been established between Paris 
and Auxerre, and already renders important service by 
placing each barrage in communication with those above 
and below. 

COST. 

1 . On the Tonne between Auxerre and Monleroau. 
(Length of river made navigable, 108,977 metres.) 

Seven barrages with locks from Aaxerre lo Laroche . 3,s 1 9,000^00 

Barrage of Gufgy without lock 1 60,000 ,00 

Eight barrages with locks from Laroche to Sens. . . . 3,696,000 ,00 

Barrage of Joigny without lock 170,000 ,00 

Seven barrages with locks from Sens to Montereau. 3,997,000 ,00 

Barrage of Courloii without lock 900,000 ,00 

10,359,000 ,00 

19,715 metres of derivation , large section 3,u3 1 ,89 1 ,75 

Various works, dredging, embankments, improve- 
ment of (owing paths, plans, etc 3,4Ao,i88 ,5i 

Total cost between Auxerre and Montereau ^'^ . 1 6,89 /i,o8o',96 

9. On Ihe Seine, between Montereau and Paris. 
(Length of river made navigable, 98,000 metres.) 

Five barrages with locks from Montereau to Melon, /i,o46,6l6^95 

Sii barrages with locks from Melon to Ablon: 5,i85,4i 1 ,90 

Barrage with lock at Port-i-l' Anglais 1 ,580,789 ,36 

Various works, dredging, embankments, improve- 
ment of towing palhs, plans, etc 3,54i,5oo ,19 

* 

Total cost between Montereau and Paris 1 4,35A,o6o',oo 

<») The interest of the cost of the first esUblishment, augmented by tlio 
aonnal expenses of management, represente, for the average Irafiic, nearly 
9 centimes per ton and per kilometre for the Yonne, and i centime for Ihe 
Seine. 
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The authors of the plans and the engineers that di- 
rected the works^ relating to the establishment of conti- 
nuous navigation between Paris and Auxerre, are : 

For the Seine, MM. Ghanoine and Gambozat, engineers 
in chief cedes Fonts et Chauss^esv; MM. de LAGRSNii, Gar- 
GBAV, BocL^, Liw (Maurice) and LivY (Theodore), resi- 
dent engineers. 

For the Yotme, M. Cambuzat, engineer in chief, and 
MM. Pills » Marini, Hdmblot> db Dartbik, Remisb, L^y 
(Theodore) and Guigot, residenl engiDe«rs. 
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XVII 

MOVABLE SHUTTER WEIRS 

ON THE UPPER SEI>E 

AtfOVR PARIS. 



Drawinf^s on scales varying from o"*,ooo 09 5 to o"',5. 
Three mcxlels on a scale of o*, 1 o. 

The barrages of the upper Seine consist of two parts : 
a navigable passage from &o to 5 5 metres , and a weir 
from 60 to 70 metres in breadth, provided with movable 
shutters. The t\io parts are separated by a pier, and a lock 
is generally joined to the barrage. 

The sill of the navigable passage is placed o"*,6o below 
low water mark. The shutters are 3 metres in height and 
are level with the water, which gives a'^^/io for the depth 
of the upper or head water above low water mark. 

The floor or platform is in beton and is 9 metres in 
thickness, without the paving; its breadth is 6 metres for 
the portion intended to receive the various parts of the 
movable bairage, but the total breadth in the sheet piling 
enclosure, is about lo metres, To resist the strain caused 
either by the pressure of the shutters or by any possible 
under pressure, the flooring has been strongly secured 
by iron bars anchored in the beton, also by vertical, trans* 
verse, and longitudinal bolls. A wooden sill or ledge 
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o"',/i5 in thickness extends the whole length of the floor- 
ing, to which it is fastened by the series of disc anchors, 
and its upper face serves for a support to the base of the 
shutters, while the lower part carries the sockets of the 
chevalets. 

A shutter consists of a wooden frame, i'",9 in breadth 
by S"",!! in height, bearing 0*^,08 on the sill; and of 
a wrought iron chevalet and counterfort. An intervening 
space of o'^fOS to o'",i5 is left, according to (he discharge 
of the river at low water mark. 

The frame work of a shutter is composed of four 
uprights, two end tie pieces, a cross bar and thick plank- 
ing; iron cramps and knees bind the different pieces to- 
gether; and the uprights are o*,i4 by o",i3 square, 
but diminish in size towards the upper end. To the. inter- 
mediate uprights are bolted two collars, which receive the 
two gudgeons of the head of the chevalet, and constitute 
the axis of rotation of the shutter. Not being a self-acting 
shutter, this axis is placed above the third, or at nearly 
five twelfths of its height. Each of these gudgeons has a 
stop or catch, which limits the turning of the shutter to 
an inclination of i5 degrees, in order to avoid too great 
a strain on the breech in lo'ivering. A counter-poise of 
about 6r> kilogrammes, is attached near the bottom of the 
shutter, to balance the weight of the upper part when the 
breech is submerged. The chevalet is a trapezium , strength- 
ened by a cross bar, and is i'",47 in height, o",76 in 
breadth at the base and o^^kb at the top; the irons are 
o",o65 by o",o35. The bottom terminates in two gud- 
geons received by sockets let into the sill, on which the 
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chevalet can turn , for the purpose of being lowered upon 
the floor, with the shutter it supports. The upper cross- 
piece is also fitted with two gudgeons, constituting the 
axis of rotation of the shutter. In short, this same cross< 
piece forms one with the two projecting vertical cheeks^ 
between which, the head of the counterfort or support 
is placed, the head and cheeks being joined by a boh 
o'^^oB in diameter. 

The counterfort is a wrought iron bar, q"*,70 in length 
by o'",09 in diameter, and is intended to support the 
shutter and the weight of the head water. It is jointed at 
the top of the chevalet by a bolt, and the lower end abuts 
against a cast iron shoe or catch , strongly embedded in 
the flooring. This shoe, in the form of an inclined plane, 
o^'fSS in length and o"',io in height, is inserted into 
two widened ears , projecting o*°,o6 , and has a guide bar, 
much bent, I'^ySa in length, terminated by an ear, also 
projecting o°*,o6. When it is desired to lower the shutter, 
the end of the counterfort is removed , and as soon as it 
leaves the front of the shoe, it slides along the guide bar, 
while the chevalet, turning on its base, falls with the 
shutter upon the flooring. To raise it, the base is fur- 
nished with a broad iron handle , vnth which the keeper 
connects a hook attached to a rope. Then , by means of n 
small winch fixed in a boat for this purpose, the various 
parts are successively raised; the breech, the chevalet, 
and lastly the counterfort, the foot of which moves up 
the inclined plane and resumes its place against the shoe. 
The fall of water assists this operation to a considerable 
extent, since it tends to raise the frame of the shutter, of 
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which the axis of rotation is placed at a certain height 
above the sill. 

The feet of the counterforts are disengaged from the 
front of the shoes by means of a bar with projecting cams, 
guided by pins , and working on rollers. It is terminated by 
a rack and wheel, geared to a crab winch fixed in the pier. 
When the breadth of the passage exceeds 3o metres, two 
bars are used, placed end to end, and worked in opposite 
directions from each extremity of the weir. The cams are 
placed at such a distance from each other, that the range 
of one bar shall be less than the space betwe^i two coun- 
terforts. For this purpose, they are arranged so as to 
lower the first shutters one by one, the next, two by two, 
fbe last, three by three. 

The operation of opening a passage, is performed from 
the bank, and by the aid of the winch, in 3 seconds per 
metre run ; the closing is effected with a boat at the rate 
of 1 minute and a quarter. 

The average cost, per metre run, of these barrages 
with movable shutters , amounts to 3,070 francs, of which 
sum 3,978 francs are for the fixed, and 799 for the mo- 
vable part. 

The weirs of the upper Seine are from 60 to 70 metres 
in length. They are levelled to o"',So above low water 
mark, and are formed of beton run into an enclosure of 
piling and covered with a paving in millstone grit o'*,3o 
in thickness. The breadth of this solid part is & metrea, 
allowing a range of 1 metre, 'above and below, for the 
shutters when lowered. A possiUe subsidence of the beton 
under the movable parts, has been obviated by the em- 
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ployment of cross-'pieces and longitodinal beams, laid on 
the two lines of piles composing the enclosure, and by a 
third row of intermediate piles driven home. 

The self-acting shatters of the weirs , are a metres in 
height by i"',3o in breadth, and are formed, like those of 
the passages 5 according to the original system conceived by 
M. Ghanoine, engineer in chief, i. e. to rise and fall of 
themselves. 

Owing to the position of the axis of rotation , these shut* 
ters raise and lower themselves, this axis being only raised 
o'^fOS above the third of their height; there is also a 
movable counterpoise. 

The striking simplicity of this ingenious system of shut* 
ters, called self-acting, led to some isolated experiments 
being made in a single barrage. But the working of the 
system being more completely tested by its application to 
twelve weirs on the Seine, between Montereau and Paris, 
some grave miscalculations were made apparent. The self- 
acting shutters lowered themselves too quickly, and did 
not rise till after a towering of i metre of the upper or 
head water. A foot*bridge was constructed above each weir. 

This was composed of iron trestles, after tbe Poir^e 
system of barrages, movable on a horizontal axis perpen- 
dicular fo the axis of the weir. Each trestle corresponds to 
tbe .axis of a shutter. The tops of tbe tresdes are connected 
by two bars, which limit the breadth of tbe footrbridge, 
and between these hots a planking is hod, o"',5o above 
the level of the head water. The two bars form rails, along 
which runs a tnick carrying a wineh with two chains, one 
of which is attached to the head, the other to the breech 

8. 
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of a shutter. By means of the winch, Grmly secured to one 
or two of the trestles, the necessary manoeuvres are ac- 
complished without fatigue or danger. During a flood, 
the trestles of the foot-bridge are lowered into a frame, 
nearly level with the platform, while the planks, bars 
and winch are stowed away. The counterpoises, being 
no longer useful, have been removed. 

The new system has been a complete success. At night, 
every keeper is warned of any variations in the upper 
water of the barrage, by the ringing of a bell put in mo- 
tion by a float. In addition, all the barrages communi- 
cate with each other by telegraph, and the excellence of 
the arrangements precludes the possibility of surprise. 

NEW NAVIGABLE PASSAGE OF THE PORT-A-L'ANGLAIS BARRAGE. 

In consequence of fresh arrangements for establishing 
an uninterrupted passage by the Seine to Paris, it became 
imperative to lower, by i metre, the tail-sill of the lock 
at Port-^-i'Anglais. This circumstance necessitated the 
construction, on the left side of the weir, of a new navi- 
gable passage 3 8^,70 between the abutments, thus reduc- 
ing the breadth of the weir to 37",9o; the former pas- 
sage hbTqo being maintained in its primitive state. The 
passage is closed by twenty six movable shutters , after the 
system of M. Chanoine, the sill being 70 centimetres 
below that of the old passage , which is closed by shutters 
of 3 metres; the new ones are therefore 3"*, 70 above 
their sill. 

To sustain the pressure of so considerable a body of 
water, it was necessary to effect some alterations in the 
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models originaiiy adopted by M. Ghanoine for the mo- 
vable shutter barrages. (See model.) 

1 . The breadth of each shatter was reduced to i metre 
instead of i'°,9o; the intervening space of to centimetres 
between two shutters was retained, and the frame work 
was simplified. It consists of two uprights joined by four 
cross-pieces; these uprights are 3"", 8 6 in length and 3o 
by 9 centimetres square, and the planking is 5 centi- 
metres in thickness. 

9. The inclination of the shutters from the perpendi- 
cular (8 degrees in M. Chanoine's model), was increased 
to 9 degrees, in order to diminish the strain tending to 
tear up the sill of the platform. 

3. When a shutter is lowered, it bears on four rests, 
making one with the platform; in addition, the shutter is 
raised by two cleats fixed to the uprights, and by this 
arrangement, the shutter is perfectly supported and no 
dislocation of the frame is to be feared. 

&. In M. Chanoine's original model, the axis of rota- 
tion was placed at 5/i9 of the total height, and for the 
new shutters at Port-^-rAnglais, this plan would give to 
the breech a height of nearly t°*,6o; i",75 has been 
adopted , and th^ axis of rotation placed only 1 5 centi- 
metres below the axis of figure. 

This method prevents them from turning spontaneously, 
an inconvenience that the former shutters sometimes pre- 
sented when the tail water was too high, and the fall 
of the barrage unusually small. This objection is in course 
of removal, by contriving smalt self-acting valves in the 
fly or upper part of the shutter between the uprights, 
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1 metre in height by &q centimetres in breadth, and 
moving on a horizontal axis. These butterfly valves open 
spontaneously before the shutter comes to the balance, 
and the keeper can dose them with the greatest facility, 
by means of a gaff, from a boat behind the barrage. 

5. For raising the large shutters of the new passage a 
foot-bridge has been substituted for the use of a boat. It con- 
sists of trestles ( Poir^e's system), on which travels a winch. 

The trestles of the foot-bridge arc ^'",75 in total height, 
3'*ao in breadth at the base and i'^iDO at the top. A 
trestle is in the perpendicular of the axis of each shut- 
ter, and the planking of the bridge is 5o centimetres 
above the normal level of the head water of the barrage. 
The uprights above and below, the diagonal stays and 
cross-braces are in U iron 8 centimetres in breadth, 
35 millimetres in depth and. 7 millimetres in thickness. 
The lower cross-*bar is 8 centimetres in diameter. All these 
pieces arc joined together by broad iron corner plates 
7 millimetres in thickness. 

M. Chanoiiib, engineer in chief ^des Fonts et Ghaus* 
s^es " , and M. 01 Laorbn^, resident engineer, drew up the 
plans and directed the works of the original lock barrage 
at Port-a-l'Anglais ; M« Cambusat, engineer in chief, and 
M. BouL^, resident engineer, drew up the plans and di^ 
rected the works of transformation of this barrage. 

MM. the conducteurs Roobr-Qoeux , Nigol^, Bsbtaughk 
and PoNTfiAti, superintended these last works, which were 
evecutcd bv the contractors BATHiKK,CANArviLi«6. Denublle 
and Marc, and by the (!rm of CtAPAR^DB, of Saint-Denis. 
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WEIR OF THE BARRAGE OF L'JLE-BROlEE, 

ON YONNB. 



M. GIRARD'S SYSTEM OP SLUIGBS AND HYDRAULIC PRESSES. 



Drawings on scales varying from o",ooo oaS lo o^Jt. 
Modd on a aciile of o'*,io. 

The weir of lile-Brilil^e is surmounted by large sluices 
invented by M. Girard, civil engineer. This system com- 
prises ^'^ : 

1. A series of wooden sluices, movable round a hor- 
izontal axis, and capable of turning inside a cast iron 
cylinder or case let into the top of a stone flooring. 

a. Hydraulic presses fixed on the lower slope of the 
platform , solidly anchored in the masonry and intended 
to work each sluice. The piston-rod of each of these 
presses carries a cross-beam guided by slide bars , by which 
it is supported, and to this cross-beam are fitted three 
connecting-rods jointed to another cross-beam attached 
to the middle of the movable sluices. 

3^ A series of copper tubes, which put each press in 
communication with the generators and reservoirs of 

^■> Sff model. 
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force , destined to convey the water under pressure to the 
hydraulic presses. 

Ix. An hydraulic machine constructed on the abutment 
of the barrage. This machine consists of a turbine with ver- 
tical axis, a double action pump worked by the turbine, 
and a generator. The pumps and generator communicate 
with each other and with the presses, by the medium of 
three way cocks, which allow the water to be forced back 
either into the generator, or into the presses, or to be 
discharged into a waste-pipe. 

The working of the sluices is performed by the simple 
action of these cocks. By putting each press in commu- 
nication, either with the pumps, or with the reservoir 
under sufficient pressure, an upward movement of the 
piston is produced, and the sluice rises. On the other 
hand, by opening the discharge cock, the water escapes 
under the pressure of the sluice valve, the body of the 
pump is emptied, and the sluice is lowered. 

The reservoir of force regulates the action of the 
pumps, it also allows the sluices to be raised when there 
IS not sufficient fall to work the turbine. 

The weir of I'lle-Brilkl^e is 9 5 metres in length; the siii 
is levelled to a metres below the level of the head water, 
and the fall is i'%85. 

The sluice valves are seven in number, and are S'^yOU 
in breadth by i^jgy in height. When raised, they pre* 
sent an obstruction of o"", lio ; when lowered , they rest hor- 
izontally upon the platform or floor. 

The presses are also seven in number; they are in cast 
iron with an exterior diameter of o"",/!© and a thickness 
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of o'^.o/i. The piston is in cast iron with a bronze casing; 
the diameter is o'^^So, and it works in a packing of hot 
pressed leather, which constitutes a joint the more water* 
tight as the pressure becomes stronger. 

The supply pipes lead ii>to the body of the presses; 
their diameter is o'°,09 5^and there is one for each press. 
They are let into the thickness of the platform , and ter* 
minate in distribution cocks in the interior of the hydrau- 
lic machine. 

In order that the presses might be sheltered from frost, 
they were established entirely below the down stream 
level; but this arrangement presenting considerable diifi* 
culties in the way of inspection and repair, stone walls 
were contrived between each press, by the aid of which, 
small plank partitions can be formed, and each compart^ 
raent pumped out for the purpose of inspection or repair. 

The turbine has a diameter of i'",20, and moves di- 
rectly, by its u|)per crank, a double action water pump 
and an air pump, which drive back the water and air into 
the generator, under a pressure capable of being raised 
to 2 5 or 3 o atmospheres. 

The reservoir is a cast iron cylinder o",66 in interior 
diameter, 3'°,5o in height, and o"',o5 in thickness. This 
reservoir and ail the machinery have been tested under 
a pressure of 35 atmospheres. 

The dimensions of the various parts of the weir were 
calculated by M. Girard, in order that the pressure might 
never exceed a 5 atmospheres. This pressure is necessary 
to raise the shutters against the a complete fall of i'",85. 
The machinery works with remarkable rapidity and re- 
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guiariiy, and a large sluice valve can be opened in less 
than a minute. Eventually, it will be practicable to dimin- 
ish the pressure necessary to raise the water, by fitdog 
the large sluices with small butterfly valves, and the ex- 
periment has been made upon two of them. These valves, 
three in number for each sluice, are placed in the upper 
part, and have their axis of rotation at a third of their 
height. When the sluice is lowered , they incline in the 
direction of the stream which covers them , and being in 
thin sheet iron, offer no resistance to the pressure of the 
water, so that the strain upon the sluice at starting, is 
considerably reduced. When the sluice emerges from the 
water, the butterfly valves close themselves. 

When the sluices are raised, a pressure of 7 or 8 at- 
mospheres is sufficient to sustain them ; and it is. not ne- 
cessary to leave the presses in communication with the 
reservoir. It is only necessary to close the distribution 
cocks, and the presses, being all perfectly tight, remain 
as before, and do not empty themselves. 

The cost of construction of this system of barrage , is 
*j,ooo francs per metre run, and 3, 000 francs with the 
stone-work. 

The trestle and paddle weir costs only 1,200 francs 
per metre run, everything included, in this part of the 
Yonne, where the foundation work is not difficult. The 
hydraulic press system , notwithstanding its superiority in 
convenience of working, has the disadvantage of being 
very costly. 

M. Cambczat. engineer in chief, and M. Rbiiisb, re- 
f>idcnt engineer, drew tho plans and directed the works of 
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the iock-weir of nle-Brilil^e; M. Gallon, constructor, and 
the firm of Feray, d'Essonnes, executed the weir sluices on 
Girard's system. 

Particular mention should be made of M. GmABD , the 
inventor, whom a premature death has carried off from a 
course of patient study and ingenious research. 



XIX 

MOVABLE WICKET WEIRS OF THE BARRAGES 

ON THE MARNE. 



DBSFONTAIIIES SYSTEM. 



Between i855 and 1867, fourteen barrages were 
constructed to improve the navigation of the lower Marne, 
between Epernay and Gharentou (Seine), a distance of 
178 kilometres. Of this number, eleven comprise a weir 
fitted with movable wickets, in addition to a lock and na- 
vigable passage. The excellence of this system has now 
been completely tested by the experience of eighteen years, 
and was invented by the late M. Desfontaines, chief en- 
gineer of the navigation of the Marne, afterwards nomi- 
nated inspector general des Fonts et Ghauss^es, and who 
died in 1867. The system will be comprehended without 
difficulty, by inspecting the model sent to the Exhibition 
at Philadelphia. 

Solid part of the voeir, — The difference of water level 
at these dams is usuallv about 9 metres; that of Join* 
ville, the last constructed, is 9",i 6. The stone weir rises 
to half the height included between the upper part or 
head, and the lower or tail, consequently the movable 
shutters are 1 metre in height (1", 1 at Joinviile). 

In the two barrages first built, the solid part was in 
dry rubble, but for the others, mortar was used, as a pre- 
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cautionary measure against possible filtration. The one in 
question is comprised between two rows of piling, bound 
by horizontal wales. When dry rubble was employed, sheet- 
piling was added to the upper row, forming a perfectly 
water-tight screen. Subsequently ordinary sheet-piling was 
added to the lower row, thus constituting an enclosure in 
which to run the beton. 

General idea of the drum-shtUters. — Let the reader 
imagine an iron plate sluice or valve, a metres in height 
by t"',D0 in breadth, movable round a horizontal fixed 
axis, and capable of describing a quadrant. If the axis is 
placed at the top of the fixed weir, the upper part of the 
valve will form a movable wicket , while the lower part or 
counter- wicket, cannot act unless a proper space or cavity 
is prepared for it; a species of drum, the axis of wbich is 
horizontal. The transverse section of this drum, parallel to 
the axis of the river, consists of a quadrant, joined on the 
lower or tail side, by a rectangle. 

The wicket is moved by the counter-wicket, and the mo- 
tive power is the pressure resulting from the difference be- 
tween the upper and lower water-levels , or in other words , 
the head and tail of the barrage. It is therefore a question of 
the effective application of this power to the counter-wickei. 

If the drum is closed at the ends by two vertical plates, 
and covered on a level with the axis of rotation by a hor- 
izontal plate, a closed box will be formed, divided into 
two compartments by the counter- wicket, two sectors, of 
which the dimensions vary according to the position of 
the counter-wicket, and there is an upper or head, and 
a lower or tail compartment. When it turns, the counter- 
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wickei nearly touches, or wilbin 3 or 6 millimetres, the 
cylinder and tbe vertical ends of the drum. But when, 
with the wicket, it is in a vertical position, a ledge or 
projection completely stops its progress, and by the aid 
of an India rubber band, tbe surface of contact is rend- 
ered perfectly water-tight. 

This counter-wicket does not however prolong the 
wicket; it is bent from tbe binge and only resumes a 
position parallel to the wicket at a distance of o°*,3o or 
o'%/io. It follows from this, that the wicket being in a 
horizontal position, the counter-wicket thoo^ also hor- 
ixontal, leaves a space of o'^f&o between it and the cyl- 
inder. Now by putting this space, this head compartment, 
in communication with the head or upper water level, 
while the tail compartment, more or less empty, is put 
in communication with the lower or tail water; the coun- 
ter-wicket may descend , notwithstanding llie static and 
dynamic pressure which tends to retain tbe wicket in a 
horizontal position. The power acting upon tbe counter- 
wicket muat consequently preponderate, inasmuch as the 
counter-wicket presents a larger surface and is placed 
lower, therefore tbe wicket will now rise. 

Tbe wicket can be lowered by leaving it to itaeif , and 
intercepting the communication between the upper or 
head water, and the upper C4mipartmefit in the drum. But 
the Desfontaines apparatus has a doable action; for the 
lower compartment of the drum can be put in eoramuni- 
caAion with the upper water lerei, while the upper cova- 
partment can be made to communicate with the lower or 
tail level. Then the back pressure upon tbe counter- 
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wicket, causes it to rise, and so much the more easily, 
that the current always tends to lower the wicket. 

Passing from abstractions, to arrive at a veritable bar- 
rage of any length , three hypotheses present themselves 
for realisation, three problems await solution : 

1. To create, at discretion, a communication between 
the head compartment of the drum and the head water, 
while the tail compartment communicates with the tail 
water, and vice versa; 

9. That the action should not be limited to a single 
drum I'^yBo in length, but extend to an indefinite number 
of similar drums, arranged side by side and in absolute 
contact; 

3. To establish a sufficient original fall. 

Let the reader imagine two culverts contrived in the 
abutaient barrage, parallel to the axis of the stream. Both 
are fitted with a valve at each end, and connected by a 
transverse conduit; the one with the upper or head com- 
partment of the drum, the other with the lower or tail 
compartment. It is dear that by proper management of the 
four valves, the problem admits of solution. But the pers* 
picnous intelligence of M. Desfontaines immediately dis* 
cemcd the possibility of the three following coiKliticns : 

1. The reduction of the two culverts to one, with a 
rectangular opening i'",i;)o by 0*^,80, divided into two 
by a horizontal cast iron plate o'^'fOS in thickness; 

9. The expediency of employing two valves in lien of 
four, each of the (wo to close one outlet simultaneously 
with opening the other; 

3. The substitution of a single movement, in working 
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the valves; this movement to be transmitted from the 
upper to the lower end of the culverts by a balance beam 
similar to that of a steam-engine. 

Passing to the second point. 

It was necessary to make two openings in one of the 
ends of the drum, corresponding respectively with the two 
transverse conduits, so that the water leaving the culverts 
may enter the drum or leave it. Similar openings formed in 
the other end of the drum , or in the plate separating two 
consecutive drums, will permit the passage of the water 
from one to another, and act successively upon each of 
the counter-wickets. If the water were to act upon several 
counter-wickets at the same time, the loss or leakage by 
the three free edges of the counter- wicket would perhaps 
prevent its arrival in sufficient quantity, but it only passes 
into a second drum after having filled the first, and this ope- 
ration successively transforms the drums into so many closed 
vessels. No point in the system has been less remarked , or 
more imperfectly comprehended than this, which is, how- 
ever, the one which most exercised the ingenuity of 
M. Desfontaines. 

Further on, the practicability of originating the small 
lift, will be treated. 

Drums in iron or itone-work, — Drums formed entirely 
of iron were employed in the two barrages first constructed 
by M. Desfontaines. They presented, on the head and tail 
sides, horizontal flanges, which were bolted to the wales 
of the two rows of piling. For the other drums, he consid- 
ered stone-work preferable, and in the whole length of 
the weir a cavity of convenient section was formed, admit- 

ml ' 
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ting of subsequent division into lengths of i°*,5o, by 
means of cast iron diaphragms let o™,o8 into the masonry. 

A cast iron tube, carrying the wrought iron spindle 
and the wicket, is supported at the ends by two consec- 
utive diaphragms. In the head part, flie cavity is covered 
(in the barrage last constructed), by an iron plate which 
can be opened , thus permitting the driims to be examin- 
ed, while below, the cavity is covered by a cast iron plate 
fastened by bolts. 

On the barrage of Joinville, a small travelling crane 
rais^ successively each of the spindles with its wickets, 
for the purpose of repainting them with coal-tar, while 
the head water, which has never fallen since 1867, is 
retained by a coffer-dam consisting of superposed beams, 
supported in a horizontal position by small Poir(5e trestles. 

Partial lowering of the wickets. — The variation in the 
volume of water discharged by the river, renders it ne- 
cessary, during a part of the year, to modify the overfall 
of the weir. To meet this exigency, M. Desfontaines had 
fitted to the tail-face of the wickets (at four of his bar- 
rages), a jointed crutch, of which the foot, sliding on 
the top of the weir, could be stopped by a catch or sill of 
angle-iron, and mechanically brought to the proper place. 
The wicket, inclined at an ang^e of 45°, for instance, is 
then sustained by the crutch, in the same manner as the 
swinging shutters of navigable passages are kept in posi- 
tion by a prop. Although this idea is taken from another 
system, there remains still one important difference, viz. 
that with the Desfontaines wickets, it is not necessary to 
trip or unfix the props laterally, and by main strength , 

9 



V. 
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when they are subjected to a heavy .pressure of water. 
When it is necessary to lower them entirely, they are fir^t 
raised to the perpendicular, and the stops Or catches, 
which have been temporarily used, are removed. 

There are no crutches in the barrage last constructed. 
The shutters are always, with the exception of two or 
three, entirely up or entirely down; but they can be 
raised or lowered at pleasure. For this purpose, the water 
being always let into the culverts from one extremity of 
the weiri — at the pier for instance, — the abuiaienl 
valve must be worked in a contrary direction. 

The regulatioji of the head water is effected as follows: 
From the abutments the keeper tranquilly watches a 
hydrometric scale and turns, in the required direction, a 
handle commonding the valve that admits the water inio 
the drums. He can limit the operation to raising or lower- 
ing a single wicket. If the raising movement is continued, 
the wickets are successively raised, and form a line with 
mathematical precision, the intervening spaces being 
barely lo millimetres ^ which might easily be reduced to 
five. In this way, half the wickets can be raised; and at 
Joinville, ai out of ka^ Should it become necessary to 
raise them all, both valves must be railed or lewered, 
according to circumstances, in order to overcome the 
resistance hilberto maintained. When the pier and abu^ 
ment valves are worked simultaneously, the operation (it 
might be called phenomenon) is accomplished in two 
minutes, at Joinville along a distance of 63 metres; and 
no engineer could witness unmoved, the upward move- 
ment of the last wickets, as they drive back the surging 
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mass of water that rushes to the gradnally rontracted 
outlet of the weir. 

Original fail. — The operation of raising the wickets 
is only necessary at certain seasons, when the waters of 
the Marne, after a flood, are hable to fall below the noi^ 
mal level. At this juncture a small lift becomes requifite. 
In the Marne barrages, this is partly originated by the 
reduction of section prodoeed by the solid part of the 
weir, which projects from the bed of the river. In addition, 
the first operation is to close the navigable pass^. 

Navigable fonage. — Of eleven barrages , to which the 
Desfontaines system is applied) ten have the navigable 
passage closed by swinging shutters. The system strongly 
resembles that established on the upper, Seine; but the 
shutters were never raised by the amstance of a boat. 
Contrary to the plan of M. Can«o« M. Desfontaines imme- 
diately constructed, at the head of the passage, o foot- 
bridge supported by Poir^e trestles. 

On the oilier haild,M. Desfontaines had laid it down as 
a principle, that the width of navigable passages ought not 
to exceed the requirements of navigation. The expenses 
are thereby reduced, and the serious difficulties attending 
the care of these movable machines Bf^ lessened , mnce 
they are much more easily managed when the siil which 
supports them has a smaHer depth of water. For this 
reason, an opening of q& metres only has been given to 
the navigable passages of the Marne. 

For the rest, in the barrage last constructed, trestles 
were employed in preference to swinging shutters. The 
Poir(^e and Desfontaines systems harmonise completely. 
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and a mutual advantage results from the employment of 
both, which renders them exceptionally beneficial to na- 
vigation. The head water is regulated by the wickets, 
and in the event of floods, the facility with which an 
additional out-fall or discharge can be created, affords 
ample time for the removal of the paddles (aiguilles) and 
trestles. 

Historical. — At the present time, when the Desfon- 
taines system is to be officially presented to the notice of 
American engineers, it may not be out of place to supple- 
ment the preceding notice by a few explanatory remarks 
concerning its origin and development. 

This system appertains to a class of barrages , of which 
the prominent and common feature consists in the fact of 
the fall constituting the motive power. In Holland, from 
time immemorial, fan-gates have heen employed to close 
the irrigation canals. The unequal breadth of this kind of 
gate, renders it susceptible to the power generated by a 
moderate lift. This method is slill in use at the present 
day, and was represented by a model in the universal 
Exhibition at Vienna in 1878 ^^K 

Probably the idea passed from Holland to America , for 
about the year 1818, it was applied on the river Lehigh 
in Pennsylvania, not in the form of gates with vertical 
quoin-posts, but with horizontal axes. It was noticed in 
the work of M. Michel Chevalier, published in ji8&3, and 
advocated by M. Mary, the result of which was its trial in 

''^ See Rifport on public n>(irh$ at lh4> Vienna Exhibition, by M. KJeiLi, ins- 
pector general ffdes Ponts el Chaussi^es*' , and president of Ihf^ Intprnaiional 
Jury for group XV III, p. to.'{. 
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France, on the upper Marne, by MM. Desfontaines and 
Fleur Saint*Denis. Although the work could not have been 
in more skilful hands, the first expectations were not real- 
ised. But this attempt failed not to leave in the inven- 
tive mind of M. Desfontaines the germ of an idea, which, 
carefully considered and diligently elaborated, has pro- 
duced the present system ; and it is with some pride that 
we now return to the other side of the Atlantic, the 
American barrage perfected under French auspices. 

The movable wicket weirs of the Marne were con- 
structed under the supervision of M. Desfontaines, by 
MM. Carro, Philbert and Mal^zieux, resident engineers. 
(See Annaks des PonU et ChaussieB, 1868, a"** half-year.) 



MOVABLE TRfiSTLE BARRAGE AT HART01\ 

ON THE SEINE. 



Model in wood and iron. — Sc«ile o'^^io (one lenlh). 

The works of the Mariot barrage consUt of a lock , of 
which the chamber is io5 koetres by is metres; a first 
barrage connecting the lock with Geoffrey island, a weir 
with seif*a<;ting shutters^ between this island and the isle 
of Moine, and a second barrage, between the isle of Moine 
and the left bank. 

This last, a part of which is represented by the model, 
is composed of three passages 5i metres in breadth, be- 
tween two abutments and three piers , the former 6 metres, 
and the latter 4", i o in thickness by 8 metres in length. 

The floor is laid between two rows of sheet-piling, 
to metres apart, and has an average thickness of 3™,5o. 
It is in beton , covered with rubble in cement mortar, 
and squared stone. The stone-work includes : i . the sill , 
which bears the upper coussinets and the stop-plate; these 
stones , which are dovetailed , are i ™, 5 o by i ™, i o in height at 
the stop-plate; a. the upper plat-band continuing the cav- 
ity in an inclined plane to support the paddles or needles, 
this part is i metre in length by o'",8o in height; 3. the 
lower or down stream coussinets; k. the lower plat-band ; 
these two partes are together, a", 9 5 in length and o"',8oin 
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thickness. Between these two plat*bands the floor is in 
miilstone grit covered with a layer of Portland cement, 
and both sides are in dressed millstone grit. 

The various parts are 'strongly bound together by large 
iron bolts o^^^oA in diameter, traversing at distances of 
5 metres, the whole framing below the stone-work, and 
connecting the horizontal wales of the sheet-piling. Verti-* 
cal bars are also let into the beton , at distances of 3 ",30 , 
in the stones of the coussinets, and connected in the 
upper part by three transverse bars which join them at 
the same time with each other, and with the horizontal 
wales of the upper add lower ends of the sheet^piling en- 
closure. Lastly, these uprights are again connected paral-> 
lei to the barrage by two other sets of iron bars, 3™,3o 
apart, screwed to the tops of the uprights, and cramped 
to the coussinets. 

The Biovable trestles, established according to Uie system 
of M. Poir^e, are i*",io apart, 3",35 in height, 9",48 
at the base and I'^.lio at the top. At their base they are 
formed of round bar iron o"',o6 in diameter, the uprights 
and crosB-'piece are in T iron, o'^fOfi in web and die same 
in flange; A» two horirantal braces are in wrought iron 
with a weh of o^^^oi a, and flanges o'*,o6; the diagonal 
brace , also in wrought iron , has a w^ o'",o a & in thickness 
and o'",o6 flange. The four angles of the trapezium are 
strengthened by wrought iron corner brackets or knees; 
the upper ones are jointed and fitted with. vertical gud- 
geons, while the two lower, form part of the base. The 
weight of each trestle is q i s kilogrammes. • 

The upper step-bearings or socket^ are cramped into 
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the sill-stones, aad secured by an eye-bolt, those below, 
are fastened to the stone-work by three screw nuts, screwed 
on to three strong gudgeons let into the floors. 

The trestles are sustained aild bound at the top by 
bars above and below the weir. The up-stream bars that 
support the paddles^ are formed of two Hat bars of iron 
o'^'fOS by o'",o/i, riveted to each other, and having at each 
end a hole fitting the trestle gudgeon. The down- stream 
bars are in round iron. 

The service-bridge consists of three rows of planking, 
o"',90 in breadth and 3 '",30 in length upon three trestles, 
and is furnished beneath with flanges which clasp the T 
irons, to prevent slipping; the planks are also held by 
small claws. 

The trestles have no system of escape for the water, 
the paddles, which are of pine, h metres in length by 
o^'^oS square, have to be placed or removed by hand, 
one after the other. 

The cost of this barrage including earth -work, dredg- 
ing, pumping, accessory works and direction, amounted 
to 708,000 francs, or A,o5o francs per metre run. 

It was constructed between i863 and 1866 under the 
direction of MM. Bbaolibd, engineer in chief, and Sair- 
TYVBs, resident engineer ndes Fonts et Ghauss^ess. 



XXI 
IMPROVEMENT OF THE SEINE MARITIME, 

FROM ROU£i\ TO HAVRE. 



A drawing comprising : two plans of the wboie on a scale of 7—77 

(t metre for 60,000 metrei). 

A loDgitudmal section : 

00 a scale of ^777 (^ metre for 5o,ooo) for the lengths; 
and a scale of ^ (0,01 per metre) for the heights. 

For the euiire distance of xa'j kilometres between 
Rouen and Havre /the navigation of the Seine is comple- 
tely free. There is neither rocic, nor bridge, nor obstacle of 
any kind, to obstruct the progress of vessels. With the ex* 
cepiion of the passage of the Meules, between la Maille- 
raye and Gaudebec, 6a kilometres from Rouen, the 
draught of water, at the weakest flood tides, exceeds 
5 metres. And even in the Meules, during the year 1876, 
there were only twelve days \\hen the anchorage was less 
than 5 metres. 

In i845, the average tonnage of ^,796 vessels enter- 
ing Rouen with cargo, was too tons. In 1875, the num- 
ber of vessels entering, was 1 ,& &o , carrying A 1 6,83 3 tons 
of goods. The average tonnage thus attained to 989 tons 
per vessel. 

In the same year 1876 , two days after the first quarter 
of the moon , and consequently neap-tide , there entered 
Rouen , asteamer laden with 1,080 Ions of oats, and draw- 
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ing 5'", 19 of water. On the 7'** September, the very day 
of the first quarter, another steamer entered, laden with 
f ,o5o tons of goods and drawing S^'ySS. 

In short, the premiams of insaranee, which were for- 
merly i/a per cent for the single journey of the Seine, 
are negociated to day at the same rate for Rouen as for 
■Havre. 

These prosperous resulto are owing to the in^rovement 
of the Seine, by means of various works undertaken by 
the Government, since the year 18 68, and which consist 
in narrowing the bed of the river, by embanking in stone 
parallel to the stream. 

This system was applied for the first time at the cross- 
ing of Viliequier, one of the mo^ daagerons passages of 
Aki5 Seine. Two iongitudtnal embankments, 3oo metres 
apart, and made dush a little 9hoye the average high 
water at spring tides , had the desired effect , and a depth 
of 6'",5o was created below this level, where formeriy 
there was only 3*,5o. 

This success fuUy bearing out the expectations of the 
engineers, the embankments were continued, and, fron 
18&9 to 1866, they were extended as far as the moudi 
of the Risle, 3 9 kilon>etres below Viliequier. In addition 
to this, the southern embankment was established for 
9 kilometres below the Risle. Above Viliequier, embank- 
ments w ere formed for 1 1 kilometres of total develop- 
ment. This part of the work was executed in short lengths , 
from 1 8 &9 to 467,5, so as to reach la Mailleraye, a small 
river port 60 kilometres below Rouon. 

With respect to the interval between the embankments. 
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it increases progressively after leaving la Vaquerie , where 
the width is still 3oo metres as at Villequier. Before Quil- 
leboeuf it reaches /loo metrea, and at Tancarville 5oo. 
From this point, as far as the Bisie^ the embankments are 
exactly parallel. 

Between the Bisle and the great depths of water in 
front of Havre, the Seine has regularly kept to the southern 
part of the bay since the winter of 1871-1874. 

The sides of the nav^able channel are clearly indicated 
by beacons, carefully kept in order* An official report 
of the soundings, drawn up every fortnight, keeps the 
pilots informed of the number of metres and centimetres 
necessary to be added to the indications of the semaphores 
of Havne and Holifleur. By this meaos ihey know, at any 
time of the day, the minimum depth of water throughout 
the whole len^h of the channel. 

All the ombankmetts have been constructed with blocks 
procured from the chalky hills bordering the Seine. They 
measure, on the average, 1/8 of a cubic metre, and are 
piled ooie upon the other. The facings, starting from the 
level of ebb-tide, and the cappings, are the only parts 
laid by hands Generally speakiag, the embankments are 
3 aietres in breadth at the top , and on the land side , the 
talus is iaclined to AS"", while on the channel side the 
ifticlinaiioa varies, in proportion to the nature of the hot- 
toim and the violence of fbe currents of ebb and flow, so 
that at certain |K)ints » the base is 7 or S metres , for one 
metre in height. 

These works are, for the most part, on the same level 
as those of Villequier. By way of experiment, some low 
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embankments , levelled to d or 3 metres above the ion est 
water mark, have been formed; in the first instance, jost 
below Tancarville, and recently, on the left bank of the 
river between la Mailleraye and C^udebec. This last at- 
tempt appears more likely to succeed than the other, 
doubtless on account of the greater tranquillity of the 
water. 

From the commencement of the works till the Si** De- 
cember 1876, the cost of the first establishment and of 
heavy repairs, was 16,860,000 francs. This sum includes 
9 90,000 francs for deepening the peaty bottom of the 
passage of the Meules, which was accomplished by means 
of dredging. 

In order to complete the repairs, and secure the em- 
bankments against the attacks of the river and damage by 
frost, a further outlay of about 9, 5 00,0 00 francs will be 
necessary, commencing from the t** January 1876. 

The passage of the Meules will also require to be 
deepened, so that at the lowest flood tides there may be 
5™,3o of water. The expense on •this head will reach 
i5o,ooo francs. 

Finally, a sum of A millions of francs will be devoted to 
the following works , conformably to the act of the 1 A De- 
cember 1875. Reconstruction of the quays at Rouen; com- 
pletion of the lighting of the Seine; straightening and 
clearing the defective passages of Groisset and Bardouville 
( li and 9 5 kilometres below Rouen). This latter operation 
\\ ill be effected by dredging. 

The total of these expenses, will amount, in round fi- 
gures, to 9t,5oo,ooo francs. 
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In addition to the advantages derived from an increased 
depth of channel, the construction of embankments has 
caused the formation of about 8,&oo hectares of alluvial 
land, of which, 6,3 5 o hectares constitute, at the present 
time, meadows of excellent quality. 

In proportion as these reclaimed lands become con- 
solidated, they are transferred to the proprietors along 
the river side, conditionally upon payment to the State of 
indemnities fixed at half the value of the lands acquired. 
The total of these collections will probably amount to 
5 millions of francs. 

Of these works » the greater proportion was executed 
from i868 to 1867, under the'direction of MNf. Doyat, 
BsADLiEU, Emmery and dd Boulet, engineers in chief, and 
Partiot and Godot, resident engineers. From 1869 to 
1875, the service was directed by MM. LsMAhRE and 
Bbllot, engineers in chief, apd Alard, resident engineer. 



XXII 



CANAL BRIDGE ON THE ALBE. 



Model in wood and sheet-iron 
repmenltBg two btvs, oa« abotuMnt aad Iwo pieni, aeale o*,o6 

(one twenly^fiftb). 

This bridge was constructed for the passage of the 
canal from the coal-mines of la Sarre, across the river 
Albe. It is & 5 metres in length betMreen the abutments, 
and consists of three bays, the central one having a span 
of 17 metres and the others i*i'*,5o each» The piers are 
S^.^o in height below the capping, and rest on socles of 
o",fio: their thickness is i'",5o at the lop, i",90 at the 
base, 9"*, 10 at the socle, and a"',&o below. They are sur- 
mounted by pilasters, between which is the iron trough 
or water channel. The length of the piers is i9%5o at 
the summit, and between the external faces of the pilas- 
ters; below the capping, and including the starlings, 
ill metres; i&'",&o at the base and i5 metres below the 
socle. 

The metallic superstructure is 47",6o in length « 
1 1 metres in breadth between the parapets, 6",8o of 
which are for the water channel and 9™, 10 for each 
foot-waiy or towing path. The sheet-iron trough which 
forms the water-M'ay is' rectangular in section , except that 
the two lower angles are rounded off in a quadrant of 
o™,70 radius; it is 9"\55 in height and 6'",8o in breadth. 

The perpendicular sides are formed by two girders of 
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double T section, extending the whole length of the work. 
The webs of these girders are 3"',o5 in height and o"\oi 
in thidcaess; the horizontal flanges, of the same thickness 
and o'^^lio in breadth, are bound to it above and below 
by two sets of angle-irons. In the perpendicular of the 
piersi these plates are doubled for the length of 3'",8o, 
tripled for a"',6o, and quadrupled for I'^yBo ; they are also 
doubled for 6 metres and tripled for i metre, at the middle 
of the bay. The flanges project from the web o"",! U inside, 
and o"*,36 outside the work. A series of vertical stifieners 
stre&gihen each girder, and are fixed on the outer side at 
distances of i'",&o, reduced to o'^^kS in the perpendic- 
ular of the piere, and to o"*,70 on the abutments; they 
are made of special iron, also in double T, 3"',o5 in 
height, of which the web comprises o**,a6 and the arms 
o*, 1 5 , and fit to the horizontal flanges of the girders. 

The bottom or floor is o",oo8 in thickness, and bends 
up as it meets the girders , so as to adapt itself to the ver- 
tical side, and ibiiows a quadrant with a radius of o'^yyo. 
It is supported by thirty five cross-beams and three rows of 
longitudinal girders. The boriomtal cros&4>races are i'",Ao 
apart and o"',5o in height, except near the girders , where 
they curve in a quadrant, in order to assimilate to the 
shape of the lower angles of the trough, which gives to 
their junction with the girders and counterforts, a height 
of i™,ao. They are ;n double T, with web of o™,5o in 
height and flai^^es of o"',t9 in breadth; the lower flange 
is doubled for h metres and the web is joined to the 
flanges above and below by a double series of angle* 
irons. Finally, three rows of longitudinal girders also in 
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double T iron o",i8 in height and i™,70 dpart, from 
centre to centre, bind the upper parts of the cross-braces 
and extend even to their iqwer flanges, by trapezoidal 
iron plates. 

The trough is G^jSo in breadth by 9",55 in height: 
and the depth of water is i",8o, i. e. o",7J) beiow 
the flange of the great girders. The sides are protected 
from contact with the boats by floating pine beams, sus- 
pended by small chains, and extending the whole length 
of the bridge. In addition, rope and cork fenders are in- 
terposed between the pieces of pine and the sides, in order 
to deaden the shocks. And lastly, a round iron rail is fixed 
to the inner edge of the upper flange of the great girders, 
and serves to keep the tou ing lines at a distance from the 
sharp angles which would otherwise cat them. 

The towing paths are i)™, i o in breadth, of which i "",80 
is clear road , and they are corbelled out on each head. 
They are supported by large double T iron brackets, in 
form of a quadrant with a radius of i^'^So, vertically con- 
tinued o"*,/io at its lower part. All the brackets are con- 
nected by a girder in double T, o'%5o and o"',qo in 
breadth, which supports the parapet and roadway; they 
are also braced horizontally by a series of diagonal stays 
in flat bar-iron o"',o8 by o'",ot , which alternately bind 
their ends by crossing the intermediate bracket. 

Upon these brackets rests a series of double T joists, 
i"*,8o in length by o'",ao in depth, that constitute the 
springing of some small brick arches of i'",&o span by 
o", 1/1 rise and o*",!! thickness, supporting a roadway 
in concrete, enclosed betweon two curb stones pierced 
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with n certain number of holes to discharge the surplus 
rain water. The great girders of the water trough are 
o"*,2 5 above the toAving paths, and this prevents all con- 
tact between the iron^work and the legs of the horses. 

The whole of the metallic superstructure is completely 
isolated from the stone-work, and rests on the points of 
support by means of expansion frames consisting of eight 
iron rollers o*',i9 in diameter, the spindles of which are 
set in the same frame. These rollers are contained be- 
tween a cast iron plate, securely embedded in each pier or 
abutment, and a second plate, grooved ta receive the lower 
flange of the great girder. Each plate is itself composed 
of two parts, between which are four steel wedges that 
serve to regulate the position of the girders on each support. 

The iron frame-work of the trough extends a little 
beyond the expansion frames of each abutment to a distance 
of o"",5o into the masonry, with which however it does 
not come into contact, there being a space between, of 
o™,o6, which is filled with tarred oakum to render it per- 
fectly water-tight. In this small space the section of the 
trough is perfectly rectangular. 

The isolation of the water trough, for purposes of in- 
spection and repair, is effected by vertical recesses in the • 
stone-work of the abutment, in which a barrage of planks 
can be arranged together with a small culvert and dis- 
charge sluice. 

The whole of the trough, except the brackets, was put 
together on the approaches. of the bridge, and set in its 
place by means of cast iron rollers. By the aid of levers, 
fifty men performed this work in two days. 
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Under the permaoeat wei^t of water, and an excess 
weight of 900 Idlogrammes per square metre, the maxi- 
mom strain on the iron-work was U kilogrammes per sqoare 
millimetre in the parts liable to deflection , and &^,5o on 
those subject to pressure. Since letting in the water, it has 
been ascertained that the great girders deflected o~,oo5 
in the central bay and o",oo3 in the others; tliat the 
cross-beams deflected o'^oosS, and that the sides of the 
trough bent inwards at the upper part, o",oi from the 
perpendicular. 

The total expense amounted to i &8,ooo fr«, 98,000 of 
which (or 3,060 fr. per metre run) are for the iron-work, 
at the rate of 5 1 centimes per kilogramme of wrouf^i and 
35 centimes per kilogramme of cast iron. 

The works were planned and executed from 1 863 to 
1 866 by MM. B^nabo, engineer in chief, and Cvigot, resi- 
dent engineer vdes Fonts et Ghauss^es9». 



FOURTH SECTION. 
MARITIME WORKS, 



SEA-PORTS. 



XXIII 



LOCK OF THE PORT OF DUNKERQUE. 



Model in slone, wood , iron and bronze, representing the lock with gales 
and swing-bridge. Scale o'",o/i (one twenty-fiRh). 

This lock, 9 1 metres in breadth, was not provided with 
a chamber, for the reason that it has to give passage to 
ships of the largest tonnage that the capabilities of the port 
will permit; ships of which the draught allows them to 
enter only at high water. 

Length from head ia head, not including platbands. . 59",oo 

Thickness of floor 3 ,oo 

Maximum thickness floor at upper mitre-siil U fio 

Versed sine and.projection of raitre-sill . . o'",.35 and . 6 ,io 

Length of gate recesses i a ,a5 

Depth of same i ,70 

Height of top relative to lower or tail floor 8 ,09 

Depth of water at spring-tides 6 ,35 

Depth of water at neap-tides 5 ,35 

The thickness of the side-walls is 3"", 60 at the top 
and B'^ySS at the flooring; this difference is given by five 
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horizontal offsets; the quay walls are 9",5o at the top 
and ti'^.'jo at the base. 

The lock was built upon a soil composed of line sand 
in an enclosure of sheet-piling. The floor, which is set 
out in an arc with a chord of a i metres and a versed sine 
of i5 metres, rests on oak piles 3 metres in length and 
^ metres apart in all directions. Their ends are let o'^^&o 
into the beton that forms the bed of the flooring, and which 
is I ",80 in average thickness. The upper layer is i",2 0, 
of which o'",85 are in brick and o"',35 in squared stone. 
All tho filling in is in home made bricks, and the facings, 
as well as the paving of the floor, are in Marquise (Pas-de- 
Calais) limestone, of which the model offers a specimen. 

The platbands are each 8 metres in length. The upper 
one is composed of a layer of clay i"\/io in thickness, and 
is protected by jointed planking fastened to the wales of 
the isolated piles. The lower or tail floor consists of a layer 
of clay, a bed of fascines, a layer of packing, and finally 
one of rough stone. The total average thickness is i'",6o. 
Lines of sheet-piling protect the platbands. 

The lock is closed by a pair of ebb-gates abutted by 
portes-valets. Each leaf is ii",68q in breadth, 8'",3A in 
height and o"',90 in thickness at (he middle. The frame 
comprises the heel-post o'",6o by o^'ybB, the mitre post 
o",57 by o",53, upper and lower cross-pieces, o",A3 and 
o"',45 in depth, and nine cross-bracos in red pine. The 
horizontal pieces are convex on the upper side of the gates. 

Each of the cross-beams is formed of three pieces bolt- 
ed to each other so as to form a truss-beam. The cross- 
braces, o",7ii in thickness at the middle, are made of two 
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simiiar pieces. The depth of the (our lower cross-pieces is 
o'^.BS; that of the five others o'",3o. Their distance apart^ 
0*^,3 5 for the four lower intervals, increases gradually 
from o",9 75 to o",5o. 

A double diagonal brace, o'",Ao by o"*,35, binds the 
horizontal pieces, and is supported by the foot of the 
heel-post. There are also two double iron ties o",i3 by 
o^'^oS with screw nuts in the upper part; one of these 
ties starts from the head of the heel-f ost, the other from 
the top of the diagonal brace , thereby preserving the ri- 
gidity of the leaf. 

Five pairs of vertical slifleners, o'^ySo by o^^^aS and 
o'"«io square, bind all the cross-pieces, strengthen the 
middle of the leaf, and transfer a portion of the pressure 
to the sill. Each upper or head face has acleading of pine 
o™,i2 in thickness; the lower or tail-face, a cleading of 
oak, o",o6 in thickness. 

Each leaf is provided with three wooden sluices, i metre 
in height by ©",90 in breadth in open-work, and worked 
by a rack and pinion jack. 

The ebb-gates are worked by means of chains fastened 
to the faces of the mitre-posts, and geared to winches on 
the respective banks. 

Small jack-screws fixed to the return faces of the gate 
recesses, hold the mitre-posts open and prevent their dis- 
placement by the movement of the waves. 

The portes-valets are constructed* on the same principle 
as the ebb-gates. Each has a trapezoidal frame in home 
grown oak, with a breadth of 1 i"',97, a height of 8"*,4o 
at one extremity and 6"',3o at the other; also five inter- 
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mediate cross-pieces, of which the breadth is o^'^AB , with 
a thickness varying from o"',3o to o"',&5; their distances 
measured along the heel-post, are successively n'^yS, 
o^63, o",64, o-,3o, o",55, o",66. 

A double diagonal brace in oak, o*,&o by o'',i5 form- 
ing ties, and two double iron ties o"',i3 by o"',o3, 
secure the rigidity of the frame, strengthened in addition 
by a pair of vertical stiffeners o°',35 by o"',i5, and by 
various iron mountings. 

The works of the lock were executed from 1 856 to 
i860. 

The total cost, without the swing-bridge, but induding 
160 metres of quays to the approaches, amounted to the 
sum of 1 ,33 1 ,Q 1 & fr. 3^ cent , thus divided : 

Lock and walls of qaay i,957,6s3' 56 

Gates 67,816 Ao 

Woiidng machinery *, 6,97/i 35 

The works were planned and executed by MM. Gobl 
and Dbgharme, engineers in chief, and Plocq, resident 
engineer « des Ponts et Chauss^es v. 



XXIV 
PORT OF HAVRE. 

fiASlN OF THE CITADEL. 



Drawings on scales varying from o^^ooi lo o"',o/i. 

This basin comprises two wet docks , which communicate , 
on one side, with the port, by a lock with chamber, on the 
other, with the basin of the Eure by a simple lock, — - 
three graving-docks of graduated dimensions, and two dis<- 
charge or scouring locks. 

The 3 navigation locks have a uniform width of 1 6 me- 
tres from the level of the top of the quay walls of the docL 
The side walls have an incline of one eighth. 

The tail or lower sill of the chamber has been placed 
on the same level with the bottom of the port, or i^,6& 
below the zero of the marine maps. As the guiding mark 
of opening and closing the gates of this lock has been 
fixed at 5"*,3o above the sill, vessels drawing 5 metres 
of water can enter the chamber, and thence pass into 
either of the basins, k ^ hours after high water, i. e. 
about 3 hours after the closing of the tide gates. Similar 
advantages attend their departure; in fact, vessels leave 
the lock->chamber at the same time that steamers waiting 
in the port are able to put to sea. 

It would have been useless to give to the upper gates 
the depth given to the tail-gates of the chamber. Accord- 
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ingly iheir height has been reduced 9"',3o, and iheir sill 
made flush at o'",65 above the zero of the maps^ so that 
at the weakest neap flood , vessels drawing 5 metres of 
water can pass freely through these gates. 

The chamber is 80 metres in length by 55 metres in 
width, and the quay walls are ii'",3o in perpendicular 
height above the foundation. The bottom of the chamber 
is o™,5o lower than the tail-sill, and owing to this ar- 
rangement, the mud carried into the port can accumulate 
at the bottom of the chamber, for a considerable period, 
without the necessity of dredging to facilitate the evolu- 
tions of vessels. Filling the chamber is effected by four 
triple sluices in the upper gates, and by two culverts, each 
i"',9/i in section, which open on the chamber. This ope- 
ration is accomplished in an average time of ten minutes. 
Two other culverts, of the same section as the preceding, 
serve to empty the chamber, that is- to say, to lower the 
plane of the water 5"',3o above the upper sill of the tail- 
gates. Thirty five minutes are necessary for this second 
operation. 

The dock is divided into two |>arts by a mole. The 
northern part, which serves as a channel of evolutions 
between the Eure and the Citadel basins, is 1 1 metres 
wide; the southern part is only 80 metres, and the space 
between the extremity of the mole and the entrance to the 
dry docks, is 1 00 metres. The quay walls have a uniform 
height of 9 metres above the foundations. The foot of the 
walls and the bottom of the basin, are o"',5o lower than 
the sill of the upper gates of the chamber and of the com- 
munication with the basin of the Eure, consequently a 
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certain time must elapse before the mud deposited by the 
rising tides , can impede the evolutions of vessels in the 
basin. 

The three dry docks, that constitute the new establishment 
for repairs, have been constructed in the south-east bank 
of the basin of the GitadeL They are respectively &5, 
55, and 70 metres in length on the blocks; 1 1, 1 3 and 
1 6 metres in width at the entrance lock , measuring from 
the top level; 7 metres, 7"*,5o and 8 metr-es in height 
above the sill of the entrance. The side walls and banks 
of these docks are inclined one eighth. 

The dry docks are closed by floating gates in sheet- 
iron, with a foot-bridge at the top. They are fitted with 
sluices which fill them when necessary. Each dry dock is 
in direct communication, on the one part, with the port, 
by means of culverts closed by double iron sluices, the 
aperture of which is at the foot of the upper platband of 
the entrance lock; and on the other part, with a common 
shaft with which is connected a steam-pump, 

' At spring-tides, the three dry docks are completely drained 
at low water by means of the culverts which discharge 
into the port. At neap-tides this is not the case , and it is 
necessary to pump out a channel i'",90 in depth for n"" 1 
dock, 9"',4o for n** 3 , and a'%90 for n* 3. 

The two scouring locks are placed side by side, and 
open into the basin of the Citadel, between the upper 
gates of the chamber and the dry dock n"* 3 , and into the 
port near the southern wing wail of the tail-gate of the 
lock. 

Each lock is 6"', 90 in breadth by 7 in height, and is 
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closed by ^ turning gate and a pair of sluices. The gates 
open and ^ut by the action of the current^ and the object 
of the sluices is to protect them from the swell in the porL 

The inverts are horixontal and made flush at 9"',i5 
higher than the lero of the maps^ for a length of 118 me- 
tres starting from the upper sill; they then incline, fol- 
lowing a regular slope , so as to reach , at the lower aper- 
ture, the level of the bottom of the port (i",65 below 
zero). The total difference between the upper and lower 
level 9 is therefore 3"*, 80. Besides the basin of the Cita- 
del, the supply reservoir of the discharge gates includes 
the basin of the Eure, the entr^6t dock and the basin 
Vauban, making altogether a superficies of 39 hectares. 
From this calculation it follows that, by lowering the 
water of the basins only one metre , which at spring-tides 
would in no wise inconvenience navigation , the scouring 
locks could throw a volume of 390,000 cubic metres of 
water into the port, at ebb*tide. 

The lower end of the lock of the chamber and the lock 
of communication with the basin of the Eure, are each 
crossed by an iron swing-bridge with a single flap and 
two carriage ways. Each bridge is 35", 17 in length, 
6",9/i in width and consists of two girders, forming the 
parapets, increasing in height from the extremities to the 
point of greatest tension. These girders are connected 
transversely by joists, strengthened by gussets and cross- 
braces , to which is bolted the wooden flooring that supports 
the double carriage way, the two foot-ways, and the ridge 
separating the two road-ways. 

The lock-gates are of timber and are double. They are 
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f(Mined of an oaken frame /the uprights of which are con- 
necied by eross-pieces in pine. A rigid pine planking is 
laid over the cross-pieces. Besides the tenons , the ^jonoec- 
tion of the various parts of the work is secured by means 
of rows of bands and a double wrought liron tie. 

The upper gates are 7'',&o in height. The lower gates, 
which are o^'yBo lower in level than the upper gates, 
are 9", a 5 in height. In order to protect them from the 
attacks- of the teredo worm, all the wood-work has three 
coats of metallic paint , and is covered with nails to a levdi 
corresponding with high water at neap-tide. 

The balance gates and discharge sluices are also in 
timber. Each of these gates is formed of a single leaf, 
5"", 70 in- height, by 6*", 16 in breadth, divided into two 
unequal parts by the vertical axis on which it moves. The 
difference in breadth is o^^^oG , and in the largest side a 
turning sluice is placed , the dimensions of which are so 
arranged that when it opens , the pressure of the water 
preponderates in the smaller leaf of the large gate. 

The floating gates which c}ose the three dry docks of 
the Citadel, are in plate and an^e iron. The frame pieces 
are put together on a keel and bound by strong floor tim- 
bers, a keelson, longitudinal pieces, a water-tight deck, a 
foot-bridge and diagonal stays. The plates of iron are riv- 
eted clinker fashion on the angle irons, and make the ehest 
perfectly water-tight. 

The water-tight deck divides each caisson into two dis- 
tinct* parts. The lower part forming the float, contains the 
ballast, and should be always dry. This ballast is so re- 
gulated that the caisson left to itself floats on a level with 
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the water-tight deck. The other part can either remain dry, 
or be put in communication with the water of the dock« 
With this view, two or three sluices , according to the dimen- 
sions of the caisson , open in each side of the hull on a 
level with the water*tight deck. Under the foot-bridge and 
in the same compartment, is a chest, the bottom of which 
is above the level of the highest tides, and which serves 
to receive the water intended to sink the caisson. 

To accomplish this, the sluices being open, it is only^ 
necessary to introduce the water into the upper chest. The 
equilibrium is immediately disturbed, and the water from 
the basin flows into the upper compartment, above the wa- 
ter-tight deck, and the caisson sinks until the weight of the 
volume displaced by the plate and the angie-^irons, is 
equal to the weight of the water introduced into the chest. 
And as under the most unfavourable circumstances the 
volume displaced is of little importance, a small quantity 
of water is suflicient to sink the caisson. 

The cost of all these works, including the reconstruction 
of the eastern quay wail of the port and the expenses of 
survey and superintendence amounted to io,too,85i!i fr. 
oh cent. 

These works were constructed from i865 to 1871, 
and directed by M. Hi^rard, engineer in chief, and 
M^ Bellot, resident engineer (rdes Ponts et Chauss^esv. 



XXV 
CAISSON OF THE COFFER-DAM 

OF THE BASIN AT BREST. 



Drawings on scales varying frorn'o^^oo/i lo o"\io. 

In 1 867, it was found essential to replace the basin of 
oldest date in the port of Brest. The new one required a 
length of 1 i3"',70 5abreadth of lock 21 "",70, and 8",5o 
of water in the lock at the lowest neap-tides. For this pur> 
pose it was necessary to construct a coffer-dam , found- 
ed on the compressed air system , by means of a unique 
caisson 97 metres in length by 8 "",50 in breadth and 
io°',5o in height, attached, at one end, to a wall of ma- 
sonry previously built, and at the other, to the solid rock ; 
also to erect a general wall upon the whole. 

This work was remarkable for the exceptional dimen- 
sions of the caisson , the necessity of removing the appa- 
ratus, and the difficulties occasioned by tidal movements. 

At the bottom of the caisson was a large working 
chamber strengthened in various ways, and divided into 
three parts, each provided with a shaft surmounted by an 
airnshamber. 

Above this first chamber was a second, 21 metres in 
length, and intended to facilitate the taking to pieces that 
part of the caisson which was to be removed at the ter- 
mination of the works, in order to leave the entrance of 
the basin clear of obstruction. 
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The lower part , comprising the working chamber, was 
obliged to be lowered sufficiently to allow the free pas- 
sage of vessels; and it was considered more advantageous 
to preserve it, as a protecting wall in front of the lock 
than to remove it. This conviction su^^fested the plan of 
a double working chamber, and a caisson in two parts, 
each of which constituted a separate caisson, and was 
fastened to the other by bolts. 

Above the second working chamber was an open com- 
partment, which could be closed and rendered air-tight if 
necessary. This compartment was divided into two parts, 
one a i metres in length , corresponding to the portion of 
the caisson which was to be removed, the other 6 metres 
in the line of the quay wall, and intended to remain in 
its position. 

At each extremity were three large grooves , i metre in 
section , descending vertically to the bottom of the lower 
chamber, of which the side opposite the rock was ex- 
tended by an inclined plane, in order to fit the edge of the 
caisson. 

These grooves were open next to the rock, and were 
destined, by filling them with beton, to form an air and 
water-tight connection between the caisson and the side of 
the rock. A man-hole was contrived in the lower part, io 
the inclined plane just mentioned, so that from the work- 
ing chamber, the grooves- could be cleaned before filling 
them with beton. 

In July 1867, this caisson was pat together in one of 
the graving docks of the port of Brest, and when finished 
weighed 170 tons. 
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In September it was ballasted with stone^work , increas- 
ing the weight to a Ac tons, then taken like a beat to the 
spot required , and grounded in the precise position pre- 
viously assigned to it. 

At the commencement of the sinking the work suffered 
considerably from tidal agitation i, until the caisson was 
sufficiently weighted to admit of injecting air, and carrying 
on the work continuously in the chamber. 

Two blast engines established on the bank, and moved 
by a 36 horse-power engine, conveyed to the working 
chamber nearly /loo cubic metres of air per hour. 

*A portaUe engine, also on sh(»re, worked the three 
hoists established in the shafts by means of transmission 
lines and pullies. 

The excavated earth was discharged into mud-lighters 
alongside the caisson. 

To avoid injury to the edge of the caisson, by the weight 
of the stone-work, it was supported inside the working 
chamber, by shores resting on the rode, and tightened at 
the upper part by means of wooden soles and wedges. 

The masonry above the working chamber, was built 
with mortar of i cubic metre of sand to o'"",55 of hy- 
draulic lime and loo kilogrammes of Portland cement. 
The working chamber was filled in with rubble, and the 
mortar was composed of i cubic metre of sand to o*",65 
of hydraulic lime, and 900 kilogrammes of Portland 
cement. 

The portion of the coffer-dam , above the side of the 
cais^n, was constructed without difficulty at low water. 
The junction of the caisson with the sides of the basin 
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required particular care , and necessitated the employment 
of diving apparatus in order to thoroughly clean the grooves. 

The work was finished in April 1868. The filtration 
was only 1 o cubic metres per hour. 

In April 1869, the works of the basin being finished, 
the demolition and removal of the coffer-dam were pro- 
ceeded with. 

For this purpose, before letting the water into the 
basin, and by continual pumping, the part of the caisson 
to be removed was detached as completely as possible 
from the masonry to which it adhered. This was accom- 
plished by opening two little galleries at the two extremi- 
ties, to nearly 5o centimetres from the exterior facing. 

The water was then allowed to enter the basin. At the 
rising of the tide, the masonry above the caisson was de- 
molished. 

The stone- work in the open compartment was also de- 
molished at the fTow of the tide, but pumping was neces- 
sary to carry out this work. 

The demolition of the masonry in the second working 
chamber, was commenced in open air. A longitudinal gal- 
lery was made , before replacing the air chambers on the 
shafts, and the work was then continued with compressed 
air. The masonry was then removed. 

Then, the caisson being sufficiendy freed from weight, 
the bolts holding it were drawn , and it floated by pump- 
ing out the upper compartment. 

This operation was successfully performed on the a 6**" 
June 1869. 

In short, the construction of the coffer-dam was accom- 
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plished in seven months, and its demolition in two months 
and a half. 

These works were executed by contract, at a cost of 
376,000 francs, without reckoning &,6/io francs for the 
extraction and clearance of wood, iron, etc., from be- 
neath the edge of the caisson. 

The execution of the work was directed by MM. Dk- 
MARGNB, engineer in chief, director of hydraulic works, 
and Rousseau , resident engineer. 
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PORT OF SAINT-NAZAIRE. 



A perspective view. 
A geometrical plan on a scale of —j. . 

The port of Saint-Nazaire is situated on the right bank 
of the Loire, at the mouth of the river, and is but of re- 
cent creation. Twenty years ago, the place now occupier! 
by the dock was only a small creek or bay, frequented b} 
pilot and fishing boats. 

In front of the port is a roadstead, formed by the en- 
largement of the great channel of the Loire. There is a 
depth of 8 to 1 5 metres at low water, and the bottom 
being composed exclusively of mud, vessels find excellent 
holding ground in this roadstead. There is very little swell, 
and the smoothness of the water is owing to the rocks 
and sandbanks, which break the force of the waves at the 
mouth of the river. The mole, constructed at the point of 
the old town, also contributes greatly to the security of 
the anchorage. 

At theventrance of the Loire there is a depth of at least 
7"*,70 at high water of neap-tide, and 9"',9 at spring- 
tide. 

General description of the port, — In its present condi- 
tion , the port of Saint-Nazaire consists of a channel lined 
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with wooden jetties and terminating in two locks which 
form the entrance of a floating dock, surrounded by large 
quays. The roadstead supplies the place of an outer port, 
and vessels moor at the extremities of the jetties and are 
afterwards towed up the channel. When the basin is open, 
they pass directly through the locks. 

Nature of the ground. — The basin and locks have been 
established in a bay having a mud bottom with an under* 
lying stratum of compact schistous rock. They were con- 
structed by means of a banked up enclosure , formed of the 
excavated earth and constituting a coffer-dam. Many ditB- 
culties attended the execution of this work, but the talus 
in loose stone, U in base by i in height, has enabled it 
to resist the action of the water. 

This embankment, enlarged by the excavations of the 
basin, forms an earth-work which answers the double pur- 
pose of fortifications, and of shelter from the wind. 

DimetmoM of principal works, amd height of tidti. — Be- 
fore entering into details, it will be useful to furnish these 
particulars : 

Coping of side* wall of great lock, and flooring of new 
jetties 1 o'",6o 

Coping of other locks and flooring of old jetties 1 3 ,6o 

Rails round basin \k ,4o 

Coping of quays of basin of Saint-Nazaire and Penhouet. 1 6 ,6o 

High water at equinoctial spring- tide i5 ,o8 

High water at ordinary spring-tide i5 ,5o 

High water at neap-tide 17 ,00 

Low water at neap-tide 19 ,3o 

Low water at ordinary spring-tide So ,5o 

Zero of annual register of tides 30 ,83 

Low water at equinoctial spring-tide 91 ,00 

Zero of gauge at Saint-Nauire 91 ,10 
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Lock-sill to chamber of ]3 metres in breadth 93*°, to 

Bottom of part south of basin of Saint-Nazaire a3 ,90 

Bottom of part north-west of Saint-Naiaire 9/1 ijof) 

Lock-sil! 95 metres in breadth. Chamber same depth. . 96 ,3o 

Bottom of part north-east of basin of Saint-Nanire. . . . 9& ,5o 

Carpenters' bar a4 ,73 

Bottom of basin of Penhouet 95 ,00 

The channel was opened through a bank of mud, which 
at high tides reaches the end of the [south jetty, and, on 
the north bank, to twenty metres distance from the wing- 
wall of the lock, where at low water there is always a 
depth of 9 or 3 metres. It isjproperly dredged, and ships 
always find 7 metres of water at high neap-tide. 

Jetties. — Wooden jetties extend along the two banks 
of the channel. The uprights are 3'",75 apart from centre 
to centre, and* have an exterior and interior diminution 
of one tenth. 

The flooring is 4",5o in breadth, reduced to 3™,36 
between the side-rails. It is on a level with the coping of 
the locks, i™,/i8 above the equinoctial tides. 

All the wood-work is in Prussian pine. Worms made 
their appearance for the first time in 1869, and have 
caused considerable damage. 

In every part of the north jetty joining the lock, it has 
been necessary to use hard stone to a depth of several 
metres below low tides, where piles could not be driven. 
The method adopted for this part of the foundations was 
the same as that previously employed for lengthening the 
side-walls of the locks. The uprights were fixed in shafts 
of stone-work 6 metres square, carried down to the rock 
by its own weight, the mud being taken out from the in- 
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side^^^. These holes, made flush at the sides (18 metres), 
received the uprights. 

This mode of construction has succeeded very well. Car- 
ried to perfection by means of compressed air, it has been 
successfully employed in the foundations of great bridges 
and similar works » where the defective nature of the 
ground presented extraordinary obstacles. 

Loch. — Two locks occupy the channel ^'^'. They have 
their foundations entirely upon the rock. The largest, 
constructed with the view of admitting Transatlantic 
paddle-steamers, is 9 5 metres in breadth. It is a simple 
lock with two pairs of gates, one of which can serve in 
case of accidents or repairs ^^^ At the lowest point of the 
sills, which take the form of an arc, there is 7"\3o of 
water at the lowest high tides, and at spring-tide 8'", 80. 

The small lock is 1 3 metres in breadth , and has a cham- 
ber 60 metres in length, capable of being used from half- 
flood till half-ebb, that is to say, six or seven hours. When 
a large ship requires to enter or leave the basin, the lock 
of 96 metres can remain open two or three hours. 

Building the side-walls of the great lock. — The cappiiigs 

^') The details of these shafts may be found in the Collection of drawing* 
at ihe EeoU de» Ponts et Chausiees, vol. I , part III. Consult also the description 
of the coffer-dam with shafts at the port of Lorient, published under the 
direction of the Ministry of Public Works, and of which a model was shown 
ill the Universal Exhibition at London 1 869. 

^') One of these locks is described in the Collection of drawings at the Ecole 
det PonU et Ckautgeee. See the account given in vol. 1 , part III. 

^^' The model of these gales appeared in Uie Universal Eihibition at Lon- 
don 186a. 

The description is found in the notice published on this occasion, b) the 
Ministries of Agriculture, Commerce and Public Works. 
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of the locks are i",/i8 above high water of the equinoc- 
tial spring-tide. In order to facilitate the entrance of Trans- 
atlantic steamers, the height of the masonry of the walls 
in the perpendicular of the facings, has been raised 
3 metres, with the view of guiding the outer frame of the 
paddle-boxes. Above the recess, strong iron girders are 
placed, serving also as foot-bridges. 

Basin. — The locks terminate in the basin , of which 
the dimensions are as follows : 



."part I'f^ff: ^^' 

^ * Breadth 160 



ad 



a part 



Length tho 

Breadth 90 



The superficies is io\4o. 

All the lower part bias been excavated to a depth va- 
rying with the gneiss schist, which, simply covered at 
certain points with a thin stone facing, forms the body 
of the quay walls. 

The depth of water maintained in the basin is always 
greater than that of high neap-tide (17 metres). The fol- 
lowing depths are found at this level : 

Opposite the locks and the quay des Fregates 7'"«5o 

The length of the quay de la Marine. 7 ,10 

Between the quays of the Loire, Vieiile-Viile and Com- 
merce 6 ,ao' 

Between the quays Watder, Henri Ghevreau and J^u, 

from 6",90 to 7 ,00 

The basin is surrounded by vast quays connected with 
the railway terminus by lines of rails. 

The port of Saint-Nazaire being especially a port of 
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(ransit, almost all good^ pass directly from the vessels iaio 
the trains, or into lighters which go up to Nantes, and 
vice versa. 

The total length of the quays is i,5oo metres. A great 
part of this space is occupied by the public services and 
the General Transatlantic Company. The lands situated 
behind the Marine and J^gou quays have been granted to 
this Company, and sheds, stores, work-shops, etc. have 
been established, containing all things requisite for the 
service of the two lines of Mexico and the Antilles. 

The 860 metres of quays are utterly inadequate to the 
requirements of commerce, and the completion of a second 
basin is looked forward to with -impatience. 

Clearing the port of mud. — By referring to the com- 
mencement of this notice, it will be seen that the channel 
of the port of Saint-Nazaire was opened through a bank 
of mud, which is constantly being renewed by the tides. It 
was necessary to act promptly in this matter, and the pro- 
blem was solved in a manner at once satisfactory and eco-^ 
nomical, by the aid of pumping and discharging boats, 
the same engine working both pumps and propeller, 
t ,000 to i,5oo cubic metres were taken from the port to 
the roadstead, and there discharged by opening the valves. 

An ordinary dredging-machine is sufficient for those 
parts of the port where, for various reasons, the mud is 
not sufficiently liquid to admit oT being pumped, which 
is the case when the density exceeds 1,900. 

At the present time the importance of dredging opera- 
tions is fully recognised and the cost of them is accurately 
known. To maintain a sufficient depth of water for the 
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movements of large vessels, it is necessary to remove the 
following quantities every year. 

In Ihe basin (from a superficies of io\/io).. . i63,ouo'* of mud. 
In the channel (from a superficies of i\35). . 193,000 

Total 356,000** of mud. 



Which is equal to i'",55 per square metre of the 
basin, and 1 ^''"^aj per square metre of the channel. 

Three fourths of this mud is pumped, the remainder 
is dredged. 

These operations are carried on at the following cost 
per cubic metre, for pumping and discharging. 

Coab, repairs and labour o',i5 

Interest and payments for working material o ,3& 

Total cost o^39 

BXTSACTIOS AMD DlSCHAaCI OP IlliD DBBDiSBD. 

Goab, repairs and labour o',35 

Interest and payments for working material o ,37 

ToUl cost o',79 

Expenses. — The cost of the works of the Saint-Na- 
zaire basin may be divided as follows : 

Enclosure dam « 995,000' 

Earth-works and masonry of basin 5,6 a 6,000 

Construction of jetties and excavating channel i,636,poo 

Lock-gates, sluices, etc 693,000 

Various works 980,000 

Total 8,196,000' 
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New works in course of construction or planned. Basin of 
Penhouet. — The inadequacy of the basin at Saint-Naeaire 
was soon ascertained^ and it was decided that a second 
basin should be formed in the bay of Penhouet. The cost 
is estimated at i8,5oo,ooo francs, and at this time the 
works are being prosecuted with the greatest activity. 

It was impossible to form a direct entrance from the 
roadstead to the basin of Penhouet. To attain any great 
depth, it would have been necessary to advance consider- 
ably into the open and deep water, and the projection 
occasioned by the formation of a new channel , would have 
infallibly closed the present entrance. Under these cir- 
cumstances, it will be necessary to enter the second basin 
by passing through the first. 

The circular dam or embankment, that surrounds and 
protects all the work-shops, was finished in 186 5, and is 
now being enlarged with the soil excavated from the basin. 

Lock^hamber, — The communication between the two 
basins will be effected by means of a lock-chamber 
3 5 metres in breadth, and 7'*,3o in depth of water at 
neap-tide on the sills, which are horizontal. 

Four pairs of gates will enable the lock to be worked 
in both directions, in order to control the level of the 
water in the basin of Penhouet, and to prevent the accu- 
mulation of mud there. The length* of the lock-chamber 
is i3o metres. 

Two large culverts ti metres in breadth pass through 
the whole length of the chamber walls and connect the 
two basins. They communicate with the chamber by means 
of subordinate culverts. Heads, or reserve pressures of 
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water have been created, passing through smali culverts 
with outlets o"',90 in diameter, level with the bottom of 
the gales. They will serve to produce rapid disdiarges of 
water, and will obviate the necessity of clearing the chan- 
nel by hand labour. 

Iron bridges for the general traffic will be constructed 
at each end of the lock. 

Quay walU. — It will not be possible to build walls all 
round the basin. The precarious nature of the subsoil will 
not allow of one in the mud valley which crosses the basin. 
At the south-east angle and the middle of the west quay, 
stone packing, resting on large masses of stone, is substi- 
tuted. Wooden platforms enable vessels to come alongside 
the quays. 

The quay walls are io"',&o in height, and are founded 
upon the solid rock » but under different conditions. While 
some parts are composed of simple stone facing, others 
will have to be carried to a depth of i o and even i a metres 
below the bottom of die basin. 

Three graving docks, also founded on the roek, are to 
be established in the basin of Penhouet. The following 
tigures give their dimensions. 
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Head of water, — In creating at Saint-Nazaire a second 
basin more than double the size of the first, the reduction 
of the accumulation of mud to the lowest proportions, 
became an imperative necessity. 

With this view, a special head of water will discharge 
itself into the roadstead by means of sluices. These will 
not be worked more than two or three times a month, 
and always in calm weather, when the upper part of the 
water is not heavily charged with mud. 

The head of water will be 3o metres in breadth, and 
the sluices will be worked by lowering, in such a manner 
as to take only the surface water, as may be deemed con- 
venient. 

Buildtng-yards. — Between the basin and the roadstead , 
sufficient space has been reserved to establish building- 
yards. One part is already taken up by the General Trans- 
atlantic Company, and five of their great iron steamers 
have been constructed there. 

Cost. — The cost of the basin of Penhouet has been 
estimated at i8,5oo,ooo francs divided as follows: 

AcquiaiUon of ground ^,o35,&oo'^ 

Enclosure embankment or dam 5oo,ooo 

Earth-works 3,8oo,ooo 

Lock 95 metres in breadth 3,900,000 

Quay walls and stone packing in basin /i,3 5o,ooo 

Head of water 5oo,ooo 

Three dry docks ^ a,8oo,ooo 

Various works 600,000 

Employment of lock as temporary dock 960,000 

General and unforeseen expenses 86i!i,6oo 

Total i8,5oo,ooo' 
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The engineers who have successively assisted in plans 
and in the execution of the works of the port of Sainl- 
Nazaire are MM. Gabrol and Plantibr as engineers in chief 
directors; A. J^goc, Ghatonbt and db Carcaradbg, as engi- 
neers in chief; db la Gournbbib, A. Watibr, Lbfbriib, RivoL 
and PocarD'Kbrvilbr , resident engineers. M. Morrl (Joseph) 
has been attached to these works as conducteur since 
their commencement. 
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LOCK-GATES OF SAINT-NAZAIRE 



( LOlRB-lNFiRIRUIR ). 



Model on a scale of o^fOi (oae tenlli). 
A drawing on scale of o",oi (one tenth). 

The port of Saint-Nazaire has two locks q5 metres in 
width. 

The first puts the basin into communication with the 
roadstead, and is furnished with two pairs of wooden 
gates; the second will subsequently connect the basin of 
Saint-Nazaire with that of Penhouet, now in course of 
construction , and has one pair of iron gates. This lock is 
temporarily used as a graving dock. 

The maximum pressure, supported by the two pairs 
of wooden gates, is 6 metres, which corresponds to the 
difference between flood and ebb of equinoctial spring* 
tides. 

At strong tides, when the graving-dock is dry, the iron 
gates have to support a pressure of i o metres of water. 
This difference necessitated giving them great power of 
resistance. 

As there is no appreciable difference between the di- 
mensions of these gates, in respect to height and breadth , 
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a comparison between the two systems may possess some 
interest. 

S [. — Cross-gates. 

Principal dinim$ian$. — The lock of the port of Saint- 
Nazaire has an opening of a 5 metres, and each of the 
leaves is iS^^^gG in total breadth and to metres in 
height. 

The thickness at the principal post is o"*,6o, and at the 
middle i",6o. The tail-face is flat, but the head-face is 
curved to an arc of a circle concentric to one passing 
through the interior angle of the chief posts and the ex- 
tremity of the mitre-sill. 

Construction of the gates. — Each leaf consists of sixteen 
wooden cross-pieces each formed of a tie-beam of o",4o 
and four stove-bent pieces o"',9 in thickness. The two 
inner pieces join the beam to which they are fixed by the 
medium of iron plates strengthened by angle-irons; the 
two others extend to the extremities of the tie-*beam. A 
system of brackets, tie-bands and bolts completes each of 
these cross-pieces, which are in fact, trussed beams. 

Thirteen of the cross-pieces which are only o^^Sy in 
thickness are superposed to a height of 4*"^ 80 at the lower 
part of the leaf; the other three, o™,/io in thickness, are 
placed at distance from each other of o"*,95, o"',90 and 
9 metres. Wooden wedges and wrought iron frames retain 
the latter in their positions. Fifteen vertical wedges or 
keys, driven in with a monkey, after the placing of the 
beams, complete the frame-work. 

In short, there is neither heel-post nor mitre-post. 
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The cross-beams extend the whole length of the leaf, and 
are simply bound at the ends with iron rings o"',oio in 
thickness mutually strengthened by means of inner junc- 
tion plates consolidated by bands of iron plate and bound 
from one post to the other by three iron cross-braces; two 
of which clasp the solid part of the leaf while the third 
rests on the upper cross-beam. 

The cast iron pivots attached and bolted to the upper 
and lower cross-beams are also riveted to the last rings 
of the post. 

The rounded up-stream face of the gate has a verti- 
cal plank cleading o"',o86 in thickness, and a watertight 
cleading of sheet-iron o'",oo5 in thickness, is fixed on 
the plane tail-face between the two upper iron cross- 
pieces. 

The real novelty, presented by the gates of Saint-Na- 
saire, is the absence of heel and mitre-posts. Special and 
expensive woods are therefore no longer necessary for 
the construction of gates having great width of opening 
and a considerable depth of water; neither is there reason 
to fear the dislocation which causes the destruction of all 
gates. Wood of a resinous nature and of ordinary dimen- 
sions, is all that is required. The idea of vertical bonds, 
obtained by means of interior keys or ties to the leaves, 
appears also excellent, but it had been previously applied 
to gates having an opening of i6",5o. 

The gates constructed in i856 were made entirely of 
Prussian pine, while those of i858 were in pitchpine. 
Since their erection, they have worked without accident 
or the least dislocation. 
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Cost. — The cost price of the pair of gates of t858, 
may be divided as follows : 

3 6 3^*", So frame-work in position at 336^37' per 

cubic metre ^*) 39,097^85' 

1 6,99/l^5 galvanised sheet-iron at i ',70 per kilog. 318,890 65 
uo,36o kilog. sheet-iron not galvanised at i',5o 

per kilog 30,390 00 

1 6,866 kilog* galvanised iron-work at i',6o per 

kilog 93, 1 8& ho 

19,6/17 kilog. iron-work not galvanised at i',9o 

per kilog 16,176 &o 

5,eo6 kilog. cast iron at 0^,696 (average price). . 1,881 76 

Caulking 9,396 hh 

Painting, coaling and mastic 6,755 78 

Sundry expenses 9,863 o3 

Total i9a,fi6//,3i' 



It must be remarked that at the present time, this price 
would be considerably diminished by reason of the abo- 
lition of duties on raw materials. 

The two pairs of gates of t>i5 metres opening, at the 
port of Saint-Nazaire, were constructed on the same 
system, the first in 1 856 , by the late M. Watibr, engineer 
of (^Ponts et Ghauss^es?', and on his plans; the second by 
M. Leferme, engineer (tdes Fonts et Ghauss^es", in 1 858. 

The works were commenced under M. J^god, engineer 
<Kdes Fonts et Ghauss^esn; continued and finished under 
the direction of M. Ghatonby, engineer in chief dcs ^ Fonts 
et Ghauss^^esT?. 



^') This sum includes the wood which is calculated at 169^,50 p<*r rubir 
metre of frame-work. 
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S II. — Iron gates of thb lock op Penhoukt, 

TEHPQRARILT I'TILISRD AS A GRAVING DOCK. 

Principal dimensiom. — These gates have the same form 
and principal dimensions as the wooden gates previously 
described, almost the only diflference being that their 
height is io",2 5, instead of lo metres. 

Composition of the gates. — Each leaf consists of twelve 
cross-pieces, three vertical girders forming uprights, and 
two other vertical girders at the extremities, constituting 
heel-post and mitre-post. 

The cross-pieces are ©""jgo apart, from centre to centre, 
and are in the form of a double T girder. The )veb is in 
iron-plate, o",o2 in thickness for two cross-pieces, and 
o"",oi5 for the ten intermediate ones. The flanges are 
formed of two angle-irons , o", 1 60 by o"', 1 1 and o^^o 1 6 , 
with the arms corresponding to the skin, which is o'^yOi o 
in. thickness, and the cover-piate, which is o™,335 in 
breadth by o"',oi5 in thickness. 

The uprights are arranged in a similar manner; never- 
theless the girder is not continuous, but is composed of 
successive rectangular lengths, riveted together at the ends 
in the same vertical plane, and intercepted by the webs of 
the cross-pieces. The two flanges of the girder are not par- 
allel, and in each of the intervals which separate two 
cross-pieces, the web is pierced by two elliptic man- 
holes, which give access to the interior, for the purpose 
of scraping and painting. 

The outer skin is continuous, and extends over the 
whole of the frame. It is formed of sheets of iron o"\o 1 
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in thickness, covering accurately each of the rectangular 
spaces, formed by the cross-pieces and the girders. Five 
vertical rows of frames, in angle-irons o'',o6o by o",o6 
to o'",oo9, placed at regular intervals between two sue* 
cessive uprights, constitute intermediate supports to the 
sheets of iron forming the skin. 

Ballast. — Each leaf weighs i Ac tons in the air, and as 
it would float in the water, before being completely sub- 
merged, ballast is requisite, and for this purpose it is di- 
vided into two water-tight compartments by the fourth 
cross-piece, counting from the top. 

The upper compartment serves as a receptacle for bal- 
last, which is furnished by the water in which the gate 
is immersed. The water has free entrance and egress, by 
the apertures in the up-stream and down-stream skin, so 
that the ballast is self-moving, and is proportioned in 
quantity and weight to the level of the water in the basin. 
The apertures are, however, fitted with valves, capable of 
being opened and shut at discretion from the foot-bridge, 
but, as a matter of fact, these valves always remain open. 

The lower compartment acts as a float, and remains 
constantly free from water. Water-tight tubes opening on 
the foot-bridge , and provided with fixed ladders in wrought 
iron , give access at all times to the upper compartment. 

By^ means of the spontaneous action of the ballast , with 
a variation of water level in the basin attaining to i'°,3o, 
and in exceptional circumstances i"*,&5, according to 
the tides, the actual weight of the gate with its ballast, is 
maintained at between i o and t 9 tons. 

Momhle friction roUern, — Each gate has nevertheless 
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been furnished with two rollers, which travel on circiiJdf' 
iron ways let into the down-stream flooring. 

These rollers can be taken up if necessary. They are 
set in a movable frame, inside the gate, reaching above 
the second cross-piece, reckoning from the top. On this 
cross-piece is fixed a jack-screw, by means of which the 
frame and roller can be taken up at the same time. 

To prevent the entrance of the water, the vertical sup- 
ports of the frame pass through the lower and fourth 
crosi^piece by the medium of a stuiEng-box, and for 
greater security, each frame is enclosed in a perfectly wa- 
ter-tight shaft. For the rest, the tubes that pass through 
the ballast chest ,'^are amply sufficient to give access to 
every part of the float, if it were required to isolate them 
definitively. 

Maximum strain on tlie iron. ^ — The calculations of re- 
sistance have been made by the method of M. Lavoinne, 
engineer, whose theoretical researches corroborate in a 
remarkable manner the results of experiments previously 
made at Havre by M. Chevallier, inspector general. The 
condition imposed was that, even in the pacts. sustaining 
the greatest weight, the iron should only be subjected to 
a strain of li kilogrammes per square millimetre of section, 
in place of 6 kilogrammes, the figure generally admitted 
in French constructions of iron. 

Effects of oxydation. — The injurious effects of oxydation 
have been provided against, and upon this head, it may 
be remarked that the gates can be frequently painted in 
the whole of the interior and on the plane surface. And 
in addition to this circumstance, experience has shown at 



la . 



180 L()CK-(i4TES OF S\INT-NAZA1RK. 

Saint-Nazaire , that the iron suhmorged in the basin is rap- 
idly covered with a compact layer of shellfish with cal- 
careous coverings, named cravanU. This casing has nearly 
the same preservative effect as a coat of paint. 

Cost price. — The gates were contracted for by the 
Ocean Society of Forges and Workshops , for a&6,ooo fr. 
in round figures. 

These gates were planned and executed in 1871, under 
the successive direction of MM. Chatonby and Lefkrmb, 
engineers in chief, and M. Rbvol, engineer «des Fonts et 
Chauss«^esjj. 

SrHMARY COMPARISON BBTWREN THK TWO SYSTEMS. 

In the course of this notice it has been remarked that, 
while the wooden gates constructed in i858, were re- 
quired to support a maximum pressure of 6 metres of 
water, the iron gates, owing to circumstances, were sub- 
jected to a pressure of 10 metres, and that the results of 
this test have been satisfactory. 

The cost price of each of the wooden leaves of the gales 
was 1 10,000 francs. The leaf of the same dimensions in 
iron, cost 198,000 francs. 

This cannot be considered a very significant difference, 
regard being had to the constantly increasing price of tim- 
ber of large dimensions. 

If, in default of direct observations, the relative dura- 
bility of vessels of iron and wood be taken into considera- 
tion, it may be inferred that, for sea-gates, as a question of 
economy , the preference must be awarded to iron , rather, 
than to woofl, as the material of construction. 
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BASIN AT THE PORT OF BORDEAUX 



Drawings on scales varying from o'^o oo5 lo o'",0!i. 

The basin at Bordeaux was established with the view 
of augmenting the capacity of the port, which had be- 
come insufficient to meet the requirements of the con- 
stantly increasing number of vessels. 

This basin will cover a surface of nearly ten hectares, 
and will be surrounded with vertical quay walls, giving a 
development of 1,800 metres. In the space allotted to the 
Transatlantic steamers, the depth of water will be 8 me- 
tres, and 7*",5o in the other parts. The whole length of the 
banks will be widened by platforms, having a superficial 
extent of twelve hectares, for landing and ware^housing 
goods. The basin will be connected with the Garonne by 
means of two locks of different dimensions, placed close 
together. The largest, intended for paddle-wheel steam- 
ers, will be 3 3 metres in breadth and iSa metres in 
length between the gates. The second will be 1 4 metres 
in breadth and i36 metres in length, dimensions suffi- 
ciently ample for screw-steamers and sailing vessels. An 
intermediate pair of gates will divide the chamber into 
two; one of 60 metres, the other of 76 metres. 

Two swing-bridges will be placed at the extremities of 
the locks, for the continuance of the traffic during tha 
passage of vessels. 
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The basin will be supplied directly from the Garonne, 
every time that the level of the tide is higher than that of 
the water inside. Generally speaking this is the case, but 
in rare instances, when several unusually low tides suc- 
ceed each other, the normal level of the basin wijl be 
kept up by pumping water into a reservoir. 

These works will be made complete by the construe- 
tion of a graving dock capable of admitting the largest 
steamers that enter the port of Bordeaux. 
. This undertaking, commenced in 1869, was delayed 
by the war, but resumed with energy in 1878, and is 
now sufficiently advanced to justify the expectation that it 
will be finished in the course of 1877. 

These works have given occasion for the most extensive 
application of the system of grooved or perforated blocks 
for foundations. Various circumstances and local conditions 
had previously necessitated their employment in locks. 

Foundaium of the locks. — The ground on which these 
works are constructed, consists of an argillaceous mud. 
which covers, to a depth of i9 or i& metres, and an 
aqueous stratum of sand and gravel 3 or A metres in 
thickness , this latter overlaying a soft mud. It was ascer- 
tained by soundings, that the underground water flowed 
towards the Garonne, at the same time exercising a consi- 
derable upward pressure upon the superincumbent strata. 

By reason of (he level assigned to the lock-sills, the 
stone-work was obliged to be laid entirely upon the bank 
of sand. The idea of excavating the soft mud to a depth 
of nearly 1 4 metres, could not be entertained on account 
of the underlying watery strata; it was therefore decided 
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lo proceed by means of large blocks of masonry, and thus 
cat&se the stone-work to descend by its own weight to the 
gravel, in order to form the side-walls. These blocks oc- 
cupied the perimet^ of a rectangle 9o5 metres in length 
by 57 metres in breadth. 

For these masses of stone-work, a uniform breadth of 
6 metres was adopted; the length varied from 16 to 
35 metres, with a general thickness of 9 metres. Upon the 
lower half of the wall, separating the two locks, addi- 
tional blocks have been laid, 9 metres in breadth, i5 in 
length and 9 in depth. All these blocks are o"',5o apart, 
and are pierced by one or more vertical holes or shafts. 

A block was sunk, in the first place, to only half its 
proper or intended depth. When it had completely set, 
the soil was removed from the shafts, and the block des- 
cended until the upper part was level with the surface. 
The operation was repeated, and the rest of the masonry 
was made to descend in the same manner. 

This part of the work was accomplished without the aid 
of machinery, so long as the excavation remained dry. But 
when a depth was reached which left a distance of only 
9 metres from the aqueous strata, the water forced its way, 
and it became necessary to employ a centrifugal pump 
in each of the shafts. This pump was moved by a portable 
engine, which at the same time worked the winches used 
to raise the excavated earth. The sinking was thus con- 
tinued without difficulty, by workmen at the bottom of 
the shaft, and was stopped when the block had penetrated 
0^,80 into the gravelly sand. 

The operations did not always proceed with perfect 
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regularity, and frequently the blocks inclined more or less 
to one side, in spite of the props employed to steady 
them. In general however, it was found possible to read- 
just them, either by skilful management of the excava- 
tions, or by a lateral pressure, effected by banking up 
the block on the side to which it inclined. Sometimes this 
difliculty could not be surmounted during the descent of 
the block, but was remedied afterwards by careful dig- 
ging. These irregularities are explained by the want of 
homogeneity in the nature of the ground; the numerous 
obstacles encountered, such as trunks of trees, etc., and 
the cavities caused by pumping. 

The various difficulties being overcome , all the blocks 
were established in a perpendicular position, with some 
slight deviations in the ground plan, which were corrected 
while finishing the facings. 

When the sinking of th(^ blocks was completed, the 
shafts were filled in with beton, for the part below water, 
and with stone-work for the upper portion. 

The intervening spaces between the blocks were also 
filled in with masonry, and the whole constituted an en- 
closure, the interior of which was excavated by the aid of 
pumps, down to the level of the gravel upon which the 
invert was constructed dry, at 7 metres below low water 
mark. The work was afterwards proceeded with in the 
usual manner. At the present time it has attained a height 
of 4 metres above low water mark , and is perfectly water- 
tight in every part. 

Foundations of quay walls. — The successful result of 
the system pm[)loved in laying the foundations of the 
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locks, encouraged its applicalion to the quay walls of the 
basin , the construction of which had been commenced on 
piles. This wall is built, for two-thirds of its extent, on a 
succession of semi-circular arches of 8 metres span, rest- 
ing on blocks, of which the horizontal section is a square 
of 5 metres, and which are sunk i metre into the gra- 
vel. The arches are filled in with solid stone-work without 
mortar, intended to support the earth behind the wall. 

Foundatian of graving dock. — In the construction of 
the locks an attempt was made to sink the foundation 
blocks by means of dredging, but in consequence of the 
precarious nature of the ground, it was found necessary 
to abandon the idea. In respect to the graving dock, the 
same difficulties did not present themselves, and the 
foundations were laid by the aid of a dredging-machine. 
The blocks were laid more regularly, and with a smaller 
expenditure of time and money, than by the use of 
pumps. 

The whole of the works of the basin and graving dock, 
including lock, and swing- bridges, caisson, mud-dredge, 
sluices, and hydraulic machinery, are estimated to cost 
i/i,5oo,ooo francs, of which 11,000,000 francs are 
actually expended. 

The original plan was drawn up by M. Joly (Henry), 
at that time engineer under MM. Droeling and Pairier, 
engineers in chief. The actual plans have been made , 
and the works executed, under the direction of M. Joly 
(Henry), engineer in chief, and MM. db La Roche- Tolay, 
RMgnauld and Boutan, resident engineers. 
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. PORT OF BAYONNEL 

CONSTRUCTION OF OPEN JETTIES. 



Drawings on scales varying from o'^o oo& to o'^So. 

The port of Bayonne is formed by the confluence of the 
Adour and the Nive, which discharge themselves into the 
Gulf of Gascogne at a distance of 7 kilometres from their 
junction. Between Bayonne and the sea, the river has an 
average breadth of a5o metres. The channel is well shel- 
tered, and there is a depth of from & to 10 metres of 
water at low tide, on a bottom of sand and mud. With 
these advantages, it would be a place of great importance 
to navigartion , were it not for a bank of gravel, which blocks 
the entrance of the port. 

This bar is in the form of a half circle , which joins 
the points of sand and gravel forming the embouchure of 
the river, and envelops them in a sort of enclosure, against 
which the swell of the gulf dashes freely and breaks with 
violence. 

The waves communicate to the component parts of the 
beach an alternate but oblique movement, which results 
in deposits of sand or gravel on the south side; the pre- 
vailing winds being from the north. When these substances 
reach the mouth of the Adour, they fall into the channel. 
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from which the ebb drives them towards the sea. The 
sand is transported to a distance » but the gravel stops at 
the point where the current, weakened by contact with 
the swell setting inwards from the sea, no longer pos- 
sesses the force necessary to bear it away. But the bar 
formed by these accumulations, is attacked by the waves 
which carry off the upper deposits and throw them back 
upon one of the banks, according to the direction of the 
wind. In short, there exists a continual movement of sand 
and gravel , enlarging the bar at the expense of the beach , 
and vice versa. The waters of the Adour, confined between 
the jetties, cross the bar, attacking and hollowing it in a 
direction which varies according to circumstances. The 
furrow thus formed, constitutes the passage. The position 
and dimensions of this passage vary with the state of the 
sea and the volume of the river. With abundance of 
water and a smooth sea, the gravel forming the bar is 
driven out and the passage commences to enlarge itself; 
but with a small supply of water and a rougb sea , the gravel 
is thrown back towards the river and the accumulations 
recommence. 

With a view of confining and directing the current of 
the river, two dikes had been constructed in masonry, in 
the year 1 7&0 , with a space of 3 00 metres between them. 
From 17 A to i838, these works were extended in such 
a manner as to ns^row the bed of the river, in order to 
ensure the effect of the current upon the stoppage in the 
channel , and low jetties on piling , with stone packing, were 
added and made flush with the level of high neap-tide. 

In t838, the low southern jetty was 5/io metres in 
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length, and projected 3oo metres beyond that of the 
north. The breadth of the river at the extremity of the 
northern jetty was 160 metres. The depth of water on the 
bar remained as before, and the only success achieved, 
was in throwing the bank and bar further back towards 
the sea, a distance nearly equivalent to the length of the 
solid jetties. The depth below the lowest tides varied be- 
tween i^'jSo and 2 metres in ordinary circumstances; but 
with a succession of westerly gales and a scanty supply of 
water in the Adour, it diminished to less than 1 metre, 
while with a considerable volume of water, it was 3 me- 
tres at the most. To this depth must be added about 
2 "",0 at neap-tide and 3"", so at ordinary spring-tide. 
However, the extension of the southern jetty beyond that 
of the north, had the effect of avoiding those great devia- 
tions towards the south, which rendered the entrance so 
dangerous, and the ensuing changes shifted the passage 
very slightly from a W. N. W. direction, which is consi- 
dered by mariners the safest and most convenient. 

In i854 the surveys were resumed, and M. Daguenet, 
engineer of the port, proposed to apply the system of open 
jetties, suggested by M. Alfan de Riveira, director gen- 
eral of public works in the kingdom of Naples, as a means 
of improving the embouchures of rivers obstructed by 
sand. 

A decree of the 99*** May 1 858, fixpd the extent of the 
works to be executed, and allotted the sum of 1 ,690,000 fr. 
to the improvement of the mouth of the Adour. These 
works were to comprise : on the south, 900 metres of 
solid jetty or pier, and 900 metres of open jetty: and on 
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the north, GGG metres of open jetty. The old and new jet- 
ties were besides to be covered with a flooring ^'^. 

These works were finished by the end of 1861, includ- 
ing an extension of the open jetty, 100 metres on each 
bank, which had been authorized by a ministerial deci- 
sion of the 8^*" June of the same year. The open jetties con- 
sisted of a row of piles, 3o centimetres in diameter and 
60 centimetres apart, bound by horizontal ties and stone 
packing, originally U metres below the lowest tide. But 
afterwards, in order to give more stability to the piling, 
this was increased to q metres below the lowest tide, 
while behind, two rows of piles farther apart, supported 
the principal row. 

The solid jetty differs only in the fact that the stone 
packing in natural blocks is raised to the level of high 
neap-tide, both descriptions of jetty being brought to the 
same level. From their completion, the works, especially 
the service-bridge surmounting the jetties, had to encoun- 
ter the violent storms of each winter, causing damages 
that were capable of being repaired. But during the winter 
ofi864-i865,a new destructive agency disclosed itself 
in alarming proportions. It was perceived that the piles of 
the open jetties were attacked by the teredo woroi, in 
the lower part, commencing from the level of ebb-tide. 
In a comparatively short time the ravages of this insect assu- 
med such magnitude , that it became necessary to abandon 
1 1 5 metres of the open jetty at the extremity of the south- 
ern side, and iSs metres at the end of the northen side. 

(') The southern jetty was intended to turn the current in the direction of the 
new jetties which were to he inclined 1 8** more to the north than the old ones. 
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Open iron jetties . — in 1866, the engineer of the 
port, M. Prompt, undertook the survey for the recons- 
truction of the jetties destroyed by the teredo, and pro- 
posed to replace the timber piling by cast iron tubes filled 
in with beton, and these plans were pursued with die 
assistance of the firm of Gail and Fives-Lille in participa- 
tion. A decree of the 97^ November 1868 authorised die 
reconstruction of the jetties on this system. 

The plan comprises twenty one tubes or pillars on the 
south, and twenty four on the north side. These tubes are 
hollow cast iron cylinders, 9 metres in diameter, and are 
sunk into the bottom, 7"',3o below the lowest tides, by 
means of compressed air. Towards the extremity of the 
jetty, and with a view of possible undermining or washing 
away of the soil , th^ sinking was carried to a depth of 
1 i"*,8o. The pillars, 5 metres apart from centre to centre, 
are filled with beton and surmounted by a cast iron capital 
with two flanges pierced with holes, in which are bolted 
the supports of the flooring or iron foot-bridge. The inter- 
vening spaces will be filled with stone packing, the uf^er 
plane of which will be regulated, following a slope of one 
centimetre per metre towards the sea , so that its level at 
the last pillar, may be 3 metres below the lowest tides. 
Two sets of double longitudinal horizontal ties, at diffe- 
rent heights, will extend from one pillar to another, and 
between these ties, wooden sluices were intended to slide 
at discretion. But experience does not appear to favour 
this plan , which would not resist the shocks of a heavy 
sea. Similarly to the old jetties, the tubes are made flush 
with the level of high neap-tides. 
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At the present date this undertaking it; being actively 
proceeded with, and the southern side is finished, with 
the exception of the sluices, which will only be placed 
when their necessity shall be recognized. 

Pier$ in $Ume packing with wooden foot-bridge. — Some 
parts of the old open jetties, higher up than those in iron, 
will be preserved on both banks, and piers are being es- 
tablished, ii}",5o apart from centre to centre, formed of 
solid stone packing covered with a mass of beton as deep 
as the ebb-tide will permit. These piers, which, at the 
level of average tides, leave as many spaces as solid parts, 
will effectually replace the piles of the former jetties, which 
are disappearing under the action of the teredo and the 
waves. Barlow rails are let into the piers, and support the 
flooring of an American foot-bridge which serves as a plat- 
form for the materials. After the subsidence occasioned 
at first by the action of the floods and waves, these piers 
manifest great stability. 

Nature of materials. — The stone packing employed in 
the works of the bar, comes from the quarries of ophite on 
the banks of the Nive. The minimum weight of the stones 
is 5o kilogrammes, and the average weight loo kilo- 
grammes. 

Thje permanent flooring of the iron fool^bridge will be 
in oak. 

That on the Barlow rails and the piers , is in pine from 
the Landes, but will be replaced by a frame bearing also 
an oak flooring. 

Pile-^ving carriage. — For setting and driving the 
tubes or pillars, a machine has been used called a chariot 
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de foncage, or piie-driving carriage, supplied by the firDi 
of Gail and Fives-Lille, and of which the plan, elevation, 
and section are produced. 

The elevation shows the carriage, supported on two pil- 
lars already driven , and in the act of setting the next one. 
The tubes intended to form this pillar are brought by trol- 
lies, raised by means of a winch surmounting the car- 
riage, and deposited temporarily on a platform above the 
place they are destined to occupy. On this platform are 
collected a sufficient number of tubes, so that the trunk 
of the pillar, put in |)osition by the winch, reaches above 
the level of ebb-tide. As many tubes as possible are added, 
the guide rods are fixed, and an air-chamber is placed 
above all, and put in communication with the compress- 
ing machine established at the end of the foot-bridge. 
This machine is connected with the chamber, by a long 
cast iron pipe resting on the floor of the bridge , and the 
operation of sinking commences. Under the pressure of 
1 0,000 kilogrammes of pig-iron, which ballasts the cham- 
ber, the edge of the lower tube penetrates the soil to. a depth 
which varies according to circumstances. Two men in the 
interior of the pillar, dig round the circumference and fill 
buckets which are raised and emptied by other men in the 
air-chamber. The pillar descends, and when it has attain- 
ed the depth previously fixed, it is filled in with beton 
in rapidly hardening cement mortar, to prevent the water 
penetrating, and then with Portland cement. If the pillar 
is not high enough in the first instance, the air-chamber 
is taken off and a sufficient number of tubes are added, 
and forthis purpose tubes of diflferent lengths are provided. 
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When the sinking is finished, the air-chamber is re- 
placed by nn upper tube forming a capital. On this capital 
are put together the iron girders , which form rails for the 
carriage, and by the aid of pulleys, attached to the pillars 
already driven, the carriage is advanced 5 metres (the 
space intervening between the pillars), in order to set 
the next pillar. 

If the operation is carried on in the natural soil, sand, 
or gravel, a pillar 8 metres in length can be driven in 
three days, filled in with beton in two days, and three 
more would suffice for placing the capital , and the gir- 
ders, and to advance the driving carriage; in all, eight 
days. Bat the circumstances are altered when the remains 
of the former jetty are encountered in the soil. Not only 
it is necessary to dig through stone-work of ophite, so hard 
that a chisel is necessary to cut into it, but the edge of the 
pillar is frequently stopped by rails, bolts, and old piles 
that are with difficulty got rid off, by cutting, breaking and 
chopping, so that, on the average, it has taken eighteen 
days to sink each pillar. 

Up to the present time, the cost has attained the sum of 
66o,i5o francs, and the expenditure necessary to com- 
plete the wdrks will be 389,860 francs. To this sum 
must be added 600,000 francs, in order to substitute 
throughout iron or masonry in lieu of pine, for the re-- 
construction of the service-bridges above the open jetties. 
The system of open jetties has already been the means of 
nugmenting the depth of the channel, a result that the 
solid jetties failed to accomplish. These last formed a per- 
manent sill, and caused both beach and bar to advance 

i3 
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towards the open sea. Whereas, with the open jetties, the 
water forms numerous small lateral discharges, which pre- 
vent the sand from settling along the jetty, while the vo- 
lume of water is confined and directed against the bar. 
This latter is not displaced , and tfie augmentation of depth 
already obtained, is i metre, and will be still more const- 
derable, when the influence of the eighteen pillars which 
remain to be placed in position, on the northern side, adds 
to the rapidity of the current. 

The works of the open jetties were planned and exe- 
cuted under the direction of MM. Floccaud db Foubgaoy, 
PAiRiERand Daoubnrt, engineers in chief, by MM. Dagcbhet. 
Phompt and Stobgklin , resident engineers. The direction of 
the open jetties was confided to M. Ulysse Palaa, principal 
conducteur, till the i'* July i863. The firm of Gail and 
FiVRS-LiLLE, with M. Prompt, engineer, has taken an ac- 
tive part in the preparation of the plans of the iron jel- 
ties. This firm supplied the material for setting and fixing 
the pillars till the early part of 187a, since which period, 
the superintendence of the works has been exclusively 
confided to M. Ramonbordes, conducteur. 
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PORT OF SAINT-JEAN-DE-LUZ. 

EMBANKMENT AT SOGOA AND MOLE AT THE ARTHA. 



Drawings on scales varying from o"\o ooa to o"\2C). 

The port of Saint-Jean-de-Luz consists of a bay or 
naiurai roadstead , and two small stranding ports ; that of 
Saint-Jean-de^Luz is formed by the bed of the Niveile, 
while that of Socoa was created at the entrance of the bav 
on the western side , by the coostniction of several dikeis , 
arranged so as to shelter it from the waves. 

The bay forms a kind of half-circle, open at the north 
1 5'' west; its entrance between the points of Socoa (west) 
and Sain te-Barbe (east), is i,5oo metres^ and its width 
as far as the embouchure of the Niveile, is 1,100 metres. 

The depth of water is i3 metres below the lowest tide, 
and for a superficies of 70 hectares, the depth exceeds 
6 metres, while for 210 hectares it is more than 10 metres. 
Winds from the north and west made the bay very rough, 
but two stone dikes are in course of construction to 
shelter it, one of which, commencing at Socoa, will be 
335 metres in length, and the other, isolated in the sea, 
and established on the Artha rock, will be from 900 to 
960 jnetres in length. These two works will have a passage 
between them 3oo metres in length, and their completion 
will result not only in constituting Saint-Jean-de-Luz a 
port of refuge, but in saving the town from the dostrun- 

i3. 
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lion wilh which it is threatened, bv the continuous en- 
croachments of the sea. An embankment, called threshoU 
of security, a section of which is given , and w hich is only 
a bank of sand faced , is (he sole protection at the present 
moment ^*'. 

In ihe roadstead and port of Socoa, the water rises 
3*,3o at neap, and ^"'^So at spring-tides, above the level 
of the lowest ebb. But in the interior of the port of Saint- 
Jean-de-Luz, the difference is not so great, and the water 
only rises 3",6o above its level at high spring-tides. 

A decree of the 7^'' October 1 863 ordered the construc- 
tion of the western dike , and authorised an expenditure 
of 9 millions of francs to complete it for a length of 
260 metres. 

A decree of the 9 5^ May 1 867 authorised the additional 
works necessary for closing the roadstead, the estimate of 
which is /ii,5oo,ooo francs, comprising: the extension of 
the Socoa dike by a supplementary length of 76 metres « 
and the construction of a breakwater on the Artha rock. 
9 00 to 9 5o metres in length; the passage between the 
two dikes, to be 3 00 metres at low water of the equinoc- 
tial spring-tide. These works are being proceeded with^ and 
985 metres of the Socoa dike are finished; the founda- 
tions are laid for the remaining length, and natural and 
artificial blocks are being sunk for the mole of the Artha. 

The Socoa dike was executed first, in order to shelter 
the anchorage previously existing, in which there is a depth 
of 6 metres at low water. 

t'^ Tn consequence of some inodiricalions these fifrures differ from those of 
ihg plan of 187a. 
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At the same time, natural and artificial blocks were 
sunk to form the foundation of the Arlha mole. 

The manner in which these blocks are sunk, approaches 
as nearly as possible to the section type shown in the 
drawings. When the foundation reaches the level of low 
water, the surface is laid with natural blocks, and stones 
are set in the spaces. Then, taking advantage of the ebb- 
tide, successive courses of belon and rubble are laid over 
all. The stones are set edge-wise in the beton , so as to bind 
the following layer. But the commencement of the upper 
part of the stone- work is deferred, till the foundation has 
borne the test of two winters, and the shocks of heavy seas 
and violent gales, to such an extent that the subsidence 
of the blocks may be considered definitive. 

The calcareous strata of an adjacent hill supply the 
natural blocks, the maximum weight of which is fixed at 
3, coo kilogrammes, and the minimum at Boo. From the 
same hill are obtained, the stone for the facings and body 
of the dike, and the stone broken to a size of o*", i o for the 
beton. The sand is taken from the beach. 

The cement employed for the artificial blocks is from 
Portland in England, or from Boulogne-sur-Mer. For the 
wall-work executed during low tide, a rapidly hardening 
cement is used, which comes from the Gurrutchaga works , 
Zumaya in Spain, or Gahors in France. 

The concave form given to the facing of the side exposed 
to the action of the sea, modifies the shocks, and dimi- 
nishes the pressure against the dike, by causing the wave 
to glide upwards, till it acquires a vertical direction, 
when it falls back upon itself. But in the return, there 
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follows an action which has a tendency to displace the 
foundation blocks at the foot of the wall, and the 
knowledge of this fact may sug^st the expediency of 
constructing the wall of the Artha mole without the con- 
cavity, and with a slight diminution. 

A temporary railway has been established at the foot 
of the hill, along the front of the quarry. It crosses the 
Ounxin on a wooden bridge formed with American lattice 
girders. By means of an embankment, it then traverses the 
swampy plain on the left bank, and passing by the yard 
where the artificial blocks are made, and between the 
houses of Socoa and the parapet of the quay wall , it goes 
to the entrance of the stranding port, by the aid of a via- 
duct with stone piers and wooden frame in American trellis 
girders. Afterwards, it is carried along the old embank- 
ment of Socoa, and is extended along the new dike in pro- 
portion to the requirements of the work. 

Where it quits the plain of the Ounxin , and near the 
stone bridge on the Socoa road, a branch line is esta- 
blished , which goes to the sand down , and supplies the 
works with sand. At the entrance to the port of Socoa, two 
more branches are formed, one of which follows the 
southern embankment of the stranding port, while the 
other terminates at the top of the inclined plane arranged 
to facilitate the embarkation of the artificial blocks, which 
will be spoken of shortly. This railway is served by two 
locomotive engines of 35 and 60 horse power, also with 
the number of trucks necessary for the conveyance of the 
various materials. Another branch crosses the timber yard. 
A weighing machine is established under the principal line. 
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to weigh the tracks loaded with natural Mocks, (|uarry, 
and broken stone, the contractor for these materials being 
paid according to the weight. 

This railway serves the quarry and sand down , whence 
it takes materials to the spot, either for the fabrication of 
the blocks or for the wall masonry. The southern embank- 
ment branch permits the trucks loaded with blocks, to 
come under a fixed crane carrying a movable winch, 
which embarks them in the pontoons. By the aid of a 
steam-crane, vessels bringing cement can unload, and the 
barrels and sacks of cement are conveyed by the railway , 
(>ither to the storehouses along the line, or to the shed 
of the great work yard. 

Ijastly, the railway facilitates the propulsion of the great 
stone trucks by the locomotives, and the artificial blocks 
are thus taken to the summit of the inclined plane that 
conveys them to the pontoon. 

Work yards. — The beton blocks are first made in 
wooden boxes or moulds, in the port itself, and the mor- 
tar on the embankments round the port, or on a wooden 
scaffolding, with a screw worked by a portable engine. 
When mixed with the broken stone, by the aid of rakes 
and shovels, the beton is thrown into a wooden trough 
from which it is run into a mould, and compressed by 
stampers. The blocks are made during low water, and are 
entirely finished during one tide* The pontoons come and 
hook them on, for the purpose of submersion, but can only 
take one block each, daring a tide, and the yard will not 
contain more than eighty blocks. To communicate greater 
activity to the works, a second and more extensive work- 



200 PORT Of SAINT-JEAN-DE-LUZ. 

4 

yaixi has been estabiished, capable of containing five hun- 
dred blocks above the tide mark. The yard is connected 
with the port of Socoa by an extension of the railway 
which crosses it, and by the inclined plane. Near one 
end of this work yard is a shed, surmounting a ter- 
race, under which is established a storehouse for the ce- 
ment. This building is supplied by a branch line of rail- 
way which brings the cement, sand, and broken stone, for 
mixing the beton. The terrace under the shed is at the 
necessar)' height above the moulds, and allows the beton 
to be brought in trollies along the iron rails resting on the 
blocks of beton already made. 

Cranes. — A movable hand-crane with a sweep of 
() metres, is used at the quarry, to load the blocks on the 
trucks. On the northern embankment a steam-crane 
(Chretien's system) is established, which dischat^ with 
great rapidity the vessels bringing cement, and is also em- 
ployed to lift the natural blocks from the trucks, on to the 
pontoons employed to sink them. A wooden crane, draw- 
ings^ of which are produced, serves to raise the blocks in 
the great work yard and to convey them, travelling on 
Barlow rails, as far as the stone trucks made expressly to 
receive them, and they are then propelled by a locomo- 
tive up to the top of the inclined plane. This crane carries 
at each of its four corners a jack-screw, by the aid of 
which (he blocks are raised. These jack-screws are moved 
by levers acting on a lantern-wheel which carries two rat- 
chets, one of the faces of which is vertical, the other 
rounded, so that the lever acts with an alternate motion, 
without obliging the men to leave the top of the block. 
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Inclined plane, — Arrived at the top of the inclined 
plane, the truck carrying the block is hooked on to a cable 
which forms the running end of a tackle with six sheaves , 
placed vertically in a frame 1 5 metres in height. The mo- 
vable pulley carries a counter-poise, which rises as the truck 
descends the inclined plane. The counter-poise causes the 
empty truck to ascend, as soon the pontoon has received the 
block. In the descent, the difference between the traction 
strain and the resistance of the counter-poise, is regu- 
lated by a screw brake acting on a cast iron drum, round 
which the cable winds. The inclined plane is go metres ih 
length, and its slope varies from 55 to 8o millimetres per 
metre , so as to equalise the tractioii strain exercised by 
the block in its descent, whatever may be the lightening 
effect produced by its gradual inunersion in the water. 

Navd material, — Two pontoons , connected by side- 
beams, are generally employed for sinking the blocks (see 
drawings). A space of 3 metres is left between them, and 
they are connected by strong balks of timber, to which 
the block is suspended by a hook with a trigger, details of 
which are given in the drawings. 

But when it is a question of placing the blocks at the 
foot of the wall , in order to approach it with greater faci- 
lity, a large pontoon is employed, which carries the block 
at one end, and is ballasted at the other, in such a manner 
as to preserve the line of flotation , when the pontoon is 
loaded. 

For sinking the natural blocks, bridged boats were 
used , and the blocks were placed on the bridge , which 
inclines sufficiently from each side of the longitudinal 
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axis of the boat, and is retained tbere by the doors ^ which 
are lowered when the boat arrives at its destination. 

At the present time, a boat completely bridged is em- 
ployed, in the centre of which is an opening 5 metres by 
u metres. The bottom of this aperture is formed of two 
gratings in Barlow rails, placed on two horizontal axes. 
The natural blocks, resting on the gratings, are plunged 
into the water during the voyage, and on their arrival at 
the place of sinking , the fastenings are let go . the gra- 
tings turn on their axes, and the load is immediately 
Submei^d. 

Two steam launches, respectively i8'*,!20 and i8'*,8o 
in length, a'^^'jb and & metres in breadth in the middle, 
tow the pontoons, loaded with the blocks, to the spot 
where the they are to be sunk. The first steamer has an 
engine of 6, the second, one of iq horse power. 

The way to the place for sinking either the natural or 
artiQcial blocks, is indicated by beacons placed along the 
coast. 

Artificial blocks. — The cubic measurement of ail the 
blocks is 3 cubic metres, length k metres, breadth 
•i"*,5o and depth q metres. Those made in the port, are 
in beton , and are composed of a of stones and i of mor- 
tar; the mortar consists of one part in volume of Portland 
cement and a \ of sand. 

In the gre.it work-yard, along the principal line of 
railway, blocks of rubble masonry have been constructed 
with mortar of Portland cement, in which the volume of 
sand was increased to 3. An attempt has even been made 
to construct some blocks with 3 -J- of sand. The blocks of 
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the port are sunk at the expiration of two monthis, but 
the extent of the great yard allows them to be left to dry 
for a longer space of time, and that is why the proportion 
of sand has been increased. In forming the block, two 
ties of iron wire are embedded therein , and connected at 
the lower part by a piece of wood, in such a manner 
that a solidarity is imparted to the whole block from the 
two points of suspension. The upper ends are fitted with 
rings, which hook on to the claws at the end of the 
jack-screws of the crane in the great yard, or to the pon- 
toon hooks. As a measure of precaution, the blocks are 
generally secured by one or two iron chains, the ends of 
which are fastened to the pontoons. 

The engineers that drew the plans and , up to the pre- 
sent time, have directed the execution of the works, are : 
' MM. Floucadd db Fourcroy, Pairito and Daguinbt, en- 
gineers in chief; 

MM. Daguenbt, Prompt, Stobgklin and Andri£, resi- 
dent engineers. 

Amongst the conducteurs that have seconded the engi- 
neers, ought to be mentioned: M. Lighbro, principal 
conducteur till the i*^ March 1879, and M. Millon, am" 
dueteur emhrigadi, since that date. 
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Drawingii an scales varyiii{v from o"',oooi to o'",o5. 
A model on a .scale of o"\o o%b. 



i. EXTENSION OF BASINS. 

The port of Marseille , which in 1 8&& only possessed ib 
old natural harbour, with a superGcies of 99 hectares and 
9,700 metres of quay, comprises, at the present time, a 
series of exterior basins all reclaimed from the sea , and 
presenting a surface of water perfectly sheltered, of 
1 36 hectares, a development of quays of 1 9,600 metres, 
8,5 00 of which can be utilised for the purposes of loading 
and discharging cargo. Around the basins, vast warehouses 
have been erected, capable of receiving 1 3 0,0 00 tons of 
goods. Large spaces of ground, adjacent to the basins, 
augment the importance of the warehouses, and lastly, five 
graving docks afford all necessary facilities for the exami- 
nation and repair of vessels of every class. One of these 
docks, iAi"',5o in length, is under certain conditions 
adequate to the reception of the largest vessels, and the 
(jreat Eastern, 900 metres in length, could enter the 
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|>ort without inconvenience. Twenty thousand vessels, of 
5,000,000 tons measurement, enter and leave the port 
of Marseille during the course of the year. 

At the completion of the works now in course of con- 
struction, and which will' be finished in five years, the 
total development of the quays will attain a length of 
17,900 metres, 1 9,5 00 of which will he available for 
the operations of loading and discharging cargo. 

The depth of water varies in the different basins. In 
the old basin, it is from 6 to 7 metres below low tides, 
while the new basins have, a few places excepted, a mi- 
nimum depth of 7 metres, and for an extent of more 
than 5o hectares, the depth exceeds 9 metres. Along the 
exterior dike, of which the total length at the present day 
is 3,070 metres, the depth of water ranges successively 
from 1 1 to 1 5 and 9 metres. 

There are three passages , with a depth of water as fol- 
lows. That of the old port, 7"',5o below the lowest tides; 
the southern passage of the new basins, 9 metres, and the 
northern passage , 1 5 metres. 

In the elaboration of the plans of the exterior basins, 
the prominent feature consists in the formation , along the 
shore , of a series of basins separated from each other by 
interior moles or causeways, with strong foundations, 
protected on the side next the sea, by a dike parallel 
to the coast, and leaving, between it and the ends of 
the moles, a channel sufficiently large to permit of easy 
communication between all these basins. This plan allows 
the capacity of the port to be always proportioned to the 
increasing requirements of commerce, by adding new 
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moles in succession to those existing, and protecting them 
by a corresponding extension of the exterior dike. 

The sums expended upon the port of Marseille, not in- 
cluding the warehouses, amount since i84&, the period 
at which the new basins were eotnmenced, to 5o millions, 
and this total will be augmented to 70 millions, after the 
completion of the works in course of construction. 

SYSTEM OF GONSTAOGTION. 

Exteriar dike. — The exterior dike of the port of Mar- 
seille is formed of natural and artificial blocks. 

Several important works of a similar nature were in 
existence at the time when this dike was projected. There 
were the breakwaters of Cherbourg in France, and Ply- 
mouth in England, and others were being actively carried 
on , viz. the mole of Algiers , and the breakwater of the 
Delaware, in the United States; and finally, the Holyhead 
breakwater, a work of great importance, was under con- 
sideration nearly at the same time as that of Marseille. 

The principal idea by which the projectors- of the great 
breakwaters of Cherboui^, Plymouth, Holyhead and De- 
laware appear to have been actuated, is that of employ* 
ing simultaneously vast quantities of stone from the ad-* 
jacent quarries, and leaving to the sea the care of forming 
the slope or talus intended to be permanent. 

In addition to this paramount idea , another suggested 
itself, viz. that of reserving the large material to cover the 
exterior talus of the mass forming the main body of the 
work. Thus at Cherbourg, a course of large blocks. i",95 
in average ihickness, was deposited on the talus and sunk 



PORT OK MARSKILLE. 207 

to nearly 5 metres beloH the lowest water mark, beyond 
which limit, in that locality, the powerful action of the 
waves does not extend. 

Nevertheless, in the parts of the breakwater most ex- 
posed to the action of the waves, and in those that it im- 
ports particularly to protect from injury, these blocks do 
not appear to aiford sufficient security, and in their turn 
they are being covered by artificial blocks of so cubic 
metres. 

Thus at Plymouth, the exterior talus is pitched with 
blocks 80 centimetres in thickness by i°*,2 in length and 
1 metre in breadth, joined by Parker cement. 

At the Delaware, for the defence of the talus, blocks of 
6,000 to 5,000 kilogrammes are employed , and set regu- 
larly as bonders. 

A similar method prevails at Holyhead. 

The mole at Algiers is planned upon a system totally 
different. The projector believed it imperative to use only 
blocks of such dimensions as would preclude the possibility 
of displacement by the waves. And this appeared to him 
an idea well-founded, seeing that the action of the wave 
is in proportion to the surface struck , while the resistance 
of the block increases as its cube. The work was therefore 
accomplished by means of artificial blocks, First of 1 o and 
afterwards of 1 5 cubic metres. 

In the breakwaters of Cherbourg, Plymouth, Holy- 
head, and the Delaware, the exterior talus varied ac- 
cording to the position of the work , between and 1 o 
for one, within the zone of action of the waves, an action 
which had an appreciable effect at nearly 5 metres below 
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the lowest tide, but experience has demonstrated that the 
talus of the mole at Algiers preserves an inclination of 
about 1 Y for 1 . 

The dike at Marseille has been constructed upon a 
system embodying the combined experience of Cher- 
bourg and Algiers. On the one hand, the idea of di- 
rectly opposing the powerful action of the waves by enor- 
mous blocks, artificially constructed, has been taken from 
the mole at Algiers, while on the other, the breakwater at 
Cherbourg suggested the employment of natural blocks of 
all dimensions, to constitute the main body of the work. 
The former serves as a facing to the latter, and both have 
been used simultaneously, in such a manner as not to 
leave the natural blocks exposed to the great force of the 
waves. As this force sensibly diminishes ,• at a depth of 
5 metres below ebb-tides, the use of artificial blocks has 
been limited to 6 metres below that level. 

With the twofold view of solidity and economy, posi- 
tions have been assigned to the natural blocks, according 
to their respective dimensions. This course has been ad- 
opted in preference to the plan followed in the construction 
of the works already mentioned , in which the stone was 
used indiscriminately as it came from the quarry. From 
considerations of economy, the small materials have not 
been mixed with the large , in order to preserve the great- 
est possible void. With a view to solidity, the large blocks 
have been so disposed as to entirely surround the small 
ones. 

Experience has fully confirmed the rationale of these 
ideas. That part of the dike which protects the basin 
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of la Jolieite, was commenced ay years ago; and that 
which shelters the basin of the marine terminus dates 
from 16 years, while it is one year since that of- the Na- 
tional basin was completed. Now all these parts of the 
dike are, at the present time, in an excellent state of 
preservation. -If then, at the inauguration of this system 
9 5 years ago , some reserve was necessary in expressing 
an opinion upon its efficiency, and that the never failing 
test of time could alone pronounce a reliable verdict, upon 
its efficiency, this can no longer be the case to day/Time 
has satisfactorily demonstrated the excellence qf this sys- 
tem , which cannot fail to be generally adopted by reason 
of its remarkable economy. 

Interior moks. — The interior moles are formed by 
means of quay walls, which constitute the outer part, and 
are filled in with ordinary earth , brought to the enclosure 
thus prepared. 

The quay walls rest on a sub-marine foundation of 
natural blocks, with an upper course of artificial ones. 
These are laid dry in perpends, with breaking joints, to a 
depth of 6 metres below the lowest tides. In the works 
now constructing, this depth has been increased to 
7 metres. 

The system of artificial blocks, -superposed without 
mortar, is perfectly adapted to all works constructed upon 
ground of a precarious or moving nature, such as sub- 
marine walls, if recently built. 

a. GRAVING DOCKS. 

The graving docks occupy a rectangular space of 

1/1 
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ground, 7/16 metres in length by 280 metres in width, 
at the east of the National basin and parallel to it. 

They comprise at the present time : 

1 . A basin for repairing vessels while afloat , forming 
also an outer basin, 36o metres in length by t6o metres 
in width , and with a depth of water of 8 metres. 

*i. Four dry or graving docks in masonry, completely 
terminated, and two new ones commenced. 

3. A canal, 118 metres in width by 90 in length and 
8 metres in depth, connects the repairing basin with the 
National basin. 

/i. The ground necessary for the establishment of work 
shops, and for increasing the number of dry docks io 
eleven. 

Up to the present time those finished are : 

N"" 1, the largest dock, i/ii'",5o, in length with a depth 
of water of 7 metres below ebb-tides. 

N^ Q , 110 metres in length with 6 metres of water. 

N" 3 and &, 90 metres Hn length with 6 metres of 
water. 

The longitudinal gradient of these docks is o'*,oi per 
metre. 

All the works of the repairing docks have been exe- 
cuted dry, by the aid of a coiTer-dam in beton, 1,918 me- 
tres in length. This dam was established on a bottom of 
rock or hard clay, varying from o to 1 1 metres. 
. The gates which close these docks consist of an iron 
water-tight caisson which can be floated or grounded, 
without the assistance of pumps, by the simple process 
of regulating the quantity of water which serves for ballast. 
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The machinery for pumping out consists of four sepa- 
rate steam engines, working four centrifugal pumps which, 
when in action together, are capable of elevating ten 
thousand cubic metres of water per hour, to a height of 
4",5o. 

This power, much in excess of actual requirements, 
has been established in view of an augmentation in. the 
number of docks , which, a*s before stated, can be increased 
to eleven. 

The entrance of these docks is 98 metres in width, and 
is crossed by an iron swing-bridge of one bay, 69 metres 
in length by i5"",9& in breadth , having a single line of * 
railway, a road for vehicles and an outside foot-bridge for 
pedestrians. This bridge is one of the largest ever con- 
structed, of its kind. 

The weight of the movable part is 700 tons, and the 
rotation is effected upon two friction rollers and a central 
pivot, raised by a water pressure of 970 atmospheres. 

When working, the bridge is supported at its extremity 
by three forged iron rollers which permit expansion. At 
the end of the breech it bears on three conical wedges ,. 
worked simultaneously by a connecting bar; lastly, on a 
cross-beam resting on stone blocks. 

The opening of the bridge gives rise to three operations : 

1. Wedging up the end of the breech; a. raising the 
bridge till the supports at the extremity are completely 
disengaged; 3. rotation. These three operations require 
9 minutes 58 seconds. The closing of the bridge is effected 
by three operations, reversing those preceding, aod is ac- 
complished in 3 minutes. 
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Whatever may be the force of the wind, one man suf- 
fices to perform these manoeuvres, and the wind is suffi- 
ciently strong sometimes at Marseille, to delay the depar- 
ture of vessels. 

This bridge rests on stone-work, 9",5o in diameter, 
founded on hard clay, at a depth of 8"',3o below ebb- 
tides. 

The docks for the repair and inspection of vessels have 
cost 8,000,000 francs. 

'{. BRIDGE, EITHER DRAW-BRIDGE OR SWING-BRIDGE AT DISCRETION. 

This bridge is established on the passage of the Jo- 
liette, which is a I'^^So in breadth. It has a double action: 
one of rotation, as in most movable bridges; the other of 
raising the flap (vol^e). This arrangement was judged 
expedient from the following considerations. 

m 

The daily maritime circulation through la Joliette pas- 
sage consists of about ten masted vessels and forty barges 
or lighters. The complete rotation of the bridge is re- 
quired for the vessels, but the passage of the barges is 
effected by partially raising it, which is accomplished in 
less time than the rotation. By this double arrangement, 
much time is saved in the successive interruptions of the 
traffic on the bridge. The total diminution of time in the 
interruptions is li hours in a day of i o hours work. 

The length of the iron bay of the bridge is /ii",09, 
and its breadth isS metres, comprising a line of rails, a 
carriage way, and two foot-ways. 

When the bridge is closed, it rests on fixed blocks 
placed in four points of its length, also on the tops of 
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tiie two quays of the passage, under the cross-beam and 
the second upright of the breech. In this position, the 
friction rollers are separated from the circular rail, on 
which they turn, by a space of 3 centimetres. 

The manoeuvres are accomplished by means of a water 
pressure of 69 atmospheres, effected in the accumulators 
- of the Dock Company. 

The water is introduced into a vertical hydraulic press, 
the piston of which, placed a little. out of the centre of 
gravity of the flooring, in relation to the breech, assists 
in raising the bridge, and also serves as a pivot for its ro- 
tation. 

When the piston rises, the bridge being raised, turns 
round in the horizontalidirection, by the aid of the breech 
friction rollers, until these latterhave descended sufficiently 
to bear upon the rail. From this moment it is the hori- 
zontal hinge of the flooring which forms the new support, 
and detaches itself from the nearest blocks, as it had 
previously detached itself from the others. 

For the rotation , the rising of the pivot is arrested at 
*jo centimetres. For raising the bridge completely, it can 
be elevated to 90 centimetres. The gradient of the flooring 
is then 68 millimetres per metre, and the clear height be- 
tween the average water level and the bottom of the flap 
or fly (vol^e) is A",6o at hs extremity, while the height 
at the lower end is only i"*,8o. 

The diameter of the piston is o"',85 and its length 
ti metres, so that when it rises to the full extent, there is 
still a length of i"*,io in the press. 

All the manceuvres are executed with the greatest faci- 
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lity, by one man at the engine , and from a place close to 
his lodging , he can manage the working of the bridge. 

The weight of this bridge is 3oo tons, and it rests on 
a stone pier 6 metres in diameter, founded on the rock^ 
by means of a caisson with compressed air, at a depth of 
1 4 metres below ebb-tides. 

The total outlay was 3i 6,ooo fr. 

For the bay, not including the masonry of the 

approaches s5o,ooo fr. 

For liie foundation pier 66,ooo 

Total 3 1 6,ooo fr. 



The great works of the port of Marseille date princi- 
pally from i8/i/i. From that period till 1867 they were 
successively directed by MM. Toussaimt, Bebois, Mohtbt 
and BE MoNTRiGHER, engineers in chief, and by M. Pascal, 
resident engineer. Since 1 867 they have been directed by 
M. Pascal, engineer in chief, and MM. Andr^, Bernihb 
and Denahiel, resident engineers. 

Among the conducteurs that have seconded the engi- 
neers, mention should be made of MM. Bdllier, L^kns, 
C016NARD, SiSbillottb, PissiRE and B^.'^^bth. 

The contractors have been MM. Dussand brothers, 
Barthelon, Rabattu , Vaggaro and Michel (D^sird). 

The floating gates, the pumping machinery and the 
swing-bridge were planned by M. Barret, engineer to the 
Dock Company, and executed by the New Society of 
Forges and Workshops of the Mediterranean , under the 
direction of this engineer. 
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SAINT-LOUIS CA,\AL, 



lUPRUVBHENT OF THE EMBOUCHURES OF TUE RUOiNE. 



Orawiags on scales varying fram o'",oo 003 to o"',u5. 
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Numerous attempts have been made to lower the bar oi 
the Rhone, where this river discharges its waters into the 
Mediterranean, but hitherto they have resulted in failure. 
It was therefore decided to open a direct communication 
between the gulf of Foz and the deep part of the river, 
above the bar, by means of a canal designated the Saint- 
Louis Canal. 

This canal begins on the left bank of the Rhone , at the 
commencement of the dike constructed in i856 for the 
embankment of the Bras de TEst (Eastern Arm), at a disf- 
tance of 600 metres below the Tour Saintr-Louis, and 
taking a straight line from west to east, it terminates 
in the gulf of Foz, opposite the port of Boue. At the Rhone 
end, it is closed by a lock, while at the sea, it discharges 
into a port formed by two jetties. On the canal side of the 
lock, a basin has been excavated to enable vessels to turn 
round, in order to pass from the lock into the canal, and 
vice versa. 

The Saint-Louis canal having been establu^hed as a 
substitute for the natural embouchure of the Rhone, it 
was unnecessary to create a depth of water exceeding that 
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of the river itself, below the port of Aries. Between Aries 
and Saint-Louis, the depth of water is scarcely a metres, 
and even with the improvements now being made, it does 
not appear probable that more than U metres will ever be 
obtained, in consequence of the reefs of hard pudding 
stone, encountered at certain points in the bed of the 
river. A depth of 4 metres was therefore considered suffi- 
cient for the mouth of the canal. But the idea presented 
itself that, the entrance of the Rhone once rendered prac- 
ticable, the river traffic would immediatelv take such a 
development that it would be absolutely necessary to se- 
cure the possibility of putting it into communication widi 
the maritime navigation. For this reason , the Governmeut 
decided to give a depth of 5 metres to the Saint-Louis 
canal. For a maritime channel of such dimensions, it was 
i.'ssential to create a port on the Rhone , capable of receiv- 
ing vessels coming from the sea by the canal. This port 
was formed at Saint-Louis itself; the basin was enlarged 
sufficiently to admit of the necessary manoeuvres of vessels: 
(|uays were built, and at the present moment, others are 
in course of construction on the Rhone, just above the 
outlet of the canal. 

The canal, properly so called, is 3,336 ftietres in length 
from its entrance into the basin at one end to the sea 
shore at the other. 

It is 6 metres in depth below the level of low tides. 

The width at the bottom is 3o metres, and at the level 
of low tides 63 metres. The banks are protected to a 
height of i"*,3o, above low water mark in the canal proper, 
by dry stone pitching, o^jAo in thickness vnth a -slope of 



SAINT-LOUIS CANAL. 217 

AS*", and at the crossing of the basin to a level of I'^ySo. 
The pitching only descends a metres , and rests on a bench 
6"',5d in width, and from this bench the bank is cut in 
talus, 9 in base to i in perpendicular. 

On each side of the canal a towing path has been 
formed, la metres in breadth, with a level of u metres 
above the water. 

Along the whole length of the towing paths, the earth 
excavated, from the canal was put in depots or spoil- 
banks, and these have been kept a'^yBo above water level 
in such a manner as to be above the highest level of the 
waters of the Rhone, and to protect the canal in case of 
inundation.* 

The basin is Uoo metres in length by 3oo in width. 

Quay walls have been built on three sides, and the 
length finished up to the present time is 85o metres. This 
length will attain 1,1 oo metres, when the walls in course 
of construction are terminated on the western, northern 
and eastern sides. The capping of the quays is established 
*2'",5o above water level and the earth platforms behind 
are made flush 4o the same height. 

The works of the canal and basin were executed dry, 
by the aid of two coiTcr-dams, one at the sea end, the other 
in the excavations for the lock. A third coffer-dam was 
formed about half way between the two, in order to pro- 
vide against the contingency of either of the end dams 
giving way. They were made partly with the natural soil , 
and partly with the clayey ground taken from the cuttings. 

The draining was accomplished by means of rotary 
pumps (Neul and Dumont), worked by a portable engine. 
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There was a pumping shaft for each of the divisions, iulo 
which the canal and basin were separated by the centre 
cofTer-dam , in which last, auxiliary pumping machinery was 
established. Each shaft was furnished with two rotar> 
pumps, and two portable engines of 8 to lo horse power. 

The port is Tormed by two jetties, of which the southern 
one is parallel to the axis of the canal, at a distance of 
48"',q5 from the axis; it advances as far as the natural 
bottom of ()"',5o, and is i,766'",iio in length. The other 
commences i,35o metres to the north of the canal; it has 
only advanced as far as the natural bottom of S^'^qS, and 
is at present but ooo metres in length. Being perpen- 
dicular to the direction of the bank, it tends towards the 
wing wall of the northern jetty in such a manner, that if 
the two jetties should be carried out in a straight line as 
far as 7"\5o, there would remain a passage 300 metres 
in width between the wing walls. 

The jetties are constructed exclusively of rough stone, 
or the natural rock. • • 

The northern jetty is only i",q&, above the level of low 
tides, and is /i metres broad at the top. It is built of stones 
of an average weight of 5o kilogrammes, and the talus 
are faced with stones of 3 00 kilogrammes. 

The southern jetty is elevated 9",5o above the water 
level, it has o"',9 more convexity, and its breadth at the 
top is 9 metres. It is formed of stones of 5o kilogrammes, 
average weight. The facing of the northern talus is of 
stones of 3 00 kilogrammes, and that of the southern side, 
of blocks weighing at least boo kilon^rammes. For the wing 
wall, terminating the southern jetty, and which is about 
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QO metres in diameter at the top^ the facing is composed 
of blocks of 1 ,Q00 kilogrammes in weight. 

Above the level of low tides, the tough stone-work that 
forms the facing , has been carefully laid by hand , and 
tightened by stone splinters in form of wedges. At the 
level of the water, on each side of the southern jetty, a 
course of large stones and blocks has been laid, to prevent 
the slipping of the lower part of the talus, and the facings 
are thus kept in repair from the top of the jetty. 

The inclination of the talus is 2 of base for 1 of 
height. 

The works of the canal, commenced in 186/1, were 
only terminated at the end of 1878. 

The lock will give passage to vessels requiring to enter 
the Rhone from the sea, and also to boats coming from 
the Rhone to the canal. The dimensions have been calcu- 
lated as follows : 

Width belweeQ side walls aii"\oo 

Depth 6r water in ceolre at low tide 7 «5o 

Working ]ei^|;th of chamber 160 ,00 

Total length of ilie work i84 ,5o 

Depth of water on sill 7 ,5o 

The depth of water in the canal is 6 ,00 

The lock is inclined down stream from the river on an 
angle of 1 4* a' 1 o". 

It is provided with two pairs of gates, and the versed 
sine of the sills is one sixth of the breadth of the lock. 

The side walls are perpendicular. The invert is laid 
to an arc of a metres versed sine, and the flooring of the 
fjale chambers is 3 metres below the level of low tides, 
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or o'^ybo below the lowest point of the invert. The gate 
recesses are la'^.Go in length by d",85 in depth. 

Culverts are contrived in the side walls, and serve to 
fill and empty the chamber. These culverts are t",a5 in 
breadth by a metres in height at their outlets in the re- 
cesses of the gate chambers, and the sills are horizontal 
and 5'",5o below water level, or at the level with the 
springing of the curve of the invert. 

The heads of the lock, the side walls of the chamber, 
and the wing walls, are founded on piling, while the in- 
vert is laid directly on the soil. 

Pine piles stripped of the bark were used; their 
average diameter was o*",3o by a length of la metres, 
and the distance from centre to centre i™,i5. They were 
covered, without framing, by a mass of beton i^'ybo in 
thickness for the heads of the lock and the retaining 
walls, and by a thickness of i metre only, for the side 
walls of the chamber. The piles penetrate the beton 
1 metre under the heads and o^'ySo under the side walls 
of the chamber, so that the layer of beton is o'',5o in 
thickness throughout', above the plane of the cutting of 
the piles. 

The eastern quay wall of the channel entering the 
Rhone is founded , like those of the basin , directly on the 
soil. 

The western quay wall, the wing wall of the lock, and 
ihc quay of the Rhone , arc constructed of solid masses of 
beton run into the enclosure. 

The lock and its retaining walls, and the eastern quay 
wall of tho channel, were built entirely dry, by means of a 
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coffer-dam formed by the natural ground left intact along 
the Rhone, with a breadth of a few metres. A similar 
dam separated the excavations of the lock from those of 
the basin, so that in case of- accident or nipture of the 
Rhone coffer-dam, the basin would be protected from thn 
water. 

The execution of the earth-works and masonry pre- 
sented nothing worthy of remark. The piles were driven 
in by six pile-driving machines, and the monkey, weigh- 
ing 8po kilogrammes, was raised by a steam winch. Each 
of the machines was able to drive 1 5 piles in a day , and 
being t d metres in length , they were driven home. A se- 
ries of 10 blows and a fall of a metres hardly caused a 
downward movement of o'^yio. 

The works of the lock were terminated in June iSyS. 

The gates are in rolled iron. 

Each leaf is 1 1",6227 in breadth, 9",5o in height and 
o",666 in thickness, and consists of eleven horizontal 
beams or cross-pieces , identical, at equal distances apart, 
and joined at their extremities by two vertical beams or 
uprights, the heel-post and the mitre-post. The cross- 
pieces are formed of a web in sheet-iron o"',oio and two 
angle-irons ^^77^. The uprights are made in the same 
ms^ner. To the frame formed by the assemblage of these 
pieces, a continuous sheet-iron skin is added on both 
sides. Each leaf thus forms a rectangular chest, the bulk 
of which is such, that the weight of water which it dis- 
places, is greater than the weight of the chest itself. 

The middle part of this chest, which is below the level 
of the water, is arranged in such a manner as to form n 
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float, in order to reduce the weight on the pivols and les- 
sen the strain on the hinges. On the upper side of the 
gate , above and below the floating part , man*holes are pro- 
vided, by means of which the water penetrates freely and 
the leaf floats always in the same conditions, whatever 
may be the depth of the upper or head water. The inte- 
rior is accessible by the man-holes. 

Each leaf is furnished with a pump, which serves to 
clear the water from the interior of the float. 

The man-holes can be closed, and the compartments 
pumped dry, above and below the float; the gate then 
floats entirely , thus facilitating inspection and repair. 

The thickness of the gates is the same throughout, 
while the breadth of the cross-braces varies with the thick- 
ness of the lining. 

They bear against the sill through an oaken frame 
bolted to the frame-work of the gate itself. The mitre 
po&ts are in oak. 

A wooden grating is bolted to the down-stream side of 
the gates , to protect them from the vessels passing through. 

Lastly, the gates are surmounted by foot-bridges, the 
hand rail of which can be lowered, during the passage of 
a vessel through the lock. By this arrangement all damage 
from the rail is avoided. 

The wrought and sheet-iron employed in the construc- 
tion were carefully tested. They resisted, without breaking, 
a strain of 3^ kilogrammes per square millimetre of sec- 
tion, in the direction perpendicular to the lamination. 

Bessemer steel was selected for the sockets, pivots, gud- 
geons, and knees. This steel gave to a traction strain, a re- 
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.si8tanc<' of 68 kilogrammes, with an elongation of 16 per 
cent. 

The gales were put together on the spot, exactly in the 
place they were to occupy, and this operation was ef- 
fected before the water was admitted into the canai. 

The weight of a gate, with the wood, is 69 tons, but 
ia the water, owing to the action of the floating part, it 
is not more than 7,000 kilogrammes. 
. All the work, executed dry, was finished in March 
1871. 

On the 17'''' April 187 1, the water was admitted, and 
on the &^ May following, the coffer-dams of the Rhone 
and the sea ends were opened. 

At the last moment before letting in the water, the cof- 
fer-dams at the middle of the canal , and between the basin 
and the lock were removed ; the coffer-dams at the extre- 
mities were taken away by means of steam dredges. 

The insubmersible embankments on the left bank of the 
Rhone, formerly terminated & kilometres above Saint- 
Louis, so that, during floods, the Rhone overflowed the 
low lands along the northern side of the canal Saint-Louis, 
and discharged the water near the port. To obviate this 
inconvenience, it was necessary to suppplement the works 
of the canal by an insubmersible embankment, A kilo- 
metres in length , to connect the existing embankment with 
the banks of the canal Saint-Louis. 

This woxk , known under the designation of the embank- 
ment of Eysselle, was completed in the month of Decem- 
ber 1873. 

The cost of the canal and port of Saint-Louis, including 
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the supplementary works, will amount to i5,/(oo,ooo fr. 
divided as follows : 

1. Canal, basin and port io,o53,ooo^oo'' 

a. Lock 3,7/1 1 ,669 7/1 

3. Loci-gales 1 ^U^figly 'jh 

h. Beacon of South jelly 98,900 00 

5. Embankment of Eyssellc 96,7/19 98 

6. Quays on the Rhone 686,906 i3 

7. General expenses (about) 697,006 61 

i5,4oo,ooo',oo* 



The plans of the canal of Saint-Louis were drawn , and 
the works executed, under the direction of M. Pascal » en- 
gineer in chief of the special maritime service of the 
Mouths of the Rhone. 

MM. Bernard and Gu^rard, engineers «des Fonts et 
Chauss^s », were charged with the execution of the works. 

M. Rbybert, ((conducteur des Fonts et Ghauss^esv, has 
remained constantly attached to the sui*veys and the 
works of the embouchures and of the canal of Saint-Louis, 
since i846. 
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ATLAS OF THE PORTS OF FRAiNCE. 



Two porlfoHofi of plans and maps. 

Two volumes of notices. 

The maps on a scale of o'",o ooo 076 ; the plans on • scale of o'",o 009. 

A ministerial decision of the a 4*** October 1868 order- 
ed the publication of an atias of the commercial ports of 
France, and appointed a commission to arrange the pre- 
liminaries and direct the execution of the work.' 

In addition to plans of all the ports , the atlas contains 
maps, at the same time hydrographic and territorial, in- 
tended to show the coast lines of our principal maritime 
establishments, as also their means of communication with 
the interior of the country. These maps and plans are ac- 
companied by notices, furnishing the most essential and 
important information relative to the respective approaches, 
nautical conditions, successive development, present state 
and statistics of these ports. 

The part published comprises the ports of the depart- 
ments of the Nord, the Pas-de-Caiais, the Somme, the 
Seine-Inf^rieure, the Eure, the Calvados, and the Manche, 
as far as Granville. The text constitutes the first two vo- 
lumes of the notices. 

The president of the commission is M. Reynaud, inspector 
general «des Fonts et Ghauss^es?'. At the commencement 
of tho work, M. baron Baude was the secretary to the com- 

i5 
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mission » but being carried off by a premature death, he 
was succeeded by M. db Dartein, engineer. Another en- 
gineer, M. E. GoLLiooN, has been appointed secretary to 
the commission, and is chained with the direction of 
everything relating to the printing of the notices. 

Chief draughtsman, M. Hdgdbnin. 

Engravers of the maps and plans, MM. Dulos and 
Perot. 



FIFTH SECTION. 
LIGHTHOUSES AND BEACONS. 



\XXIV 

STATE OF LIGHTS AND BEACONS 

ON THE COASTS OF FRANCE. 



A large voluine iii-8* with map. 

These documents show the condition of lighthouses and 
beacons on the coasts of France, on the i*^ January 1 876. 

At this date there were 379 lighthouses, not including 
those of Algeria, and this number was classified in the 
following manner : 

of Ihe 1 ■* order 65 

a"* order 6 

Lighibonses { 3"^ order 3i 

h^^ order 33 

5*^ order aSA 

Floating lights i o 

990 lighthouses have been constructed or renewed, 
since the commencement of i8&8. 

Up to that period, the establishment of maritime beacons 
had not been seriously undertaken. 



la. 



XXXV 
Lir.IITHOlISK OF CAPK SPARTIX. 

( MOROCCO. ) 



Drawing on a scale of o",o& (one twonly-fiAh). 

The vicinity of cape Spartel, which is sitaaled on the 
south of the strait of Gibraltar, had been the scene of nu- 
merous disasters, when, in i85q, M. Jagerschmidt, the 
director of our consulate at Tangier, proposed to erect a 
lighlbouse on this point. Some difficulty appeared to at- 
tend a proposition of this nature, seeing that the govern- 
ment of Morocco possesses no skipping, and consequently 
could not be actuated by any motives of interest in such 
an undertaking. There was also reason to believe that, up 
to a certain point, it would be disposed to take an unfa- 
vourable view of a project which, if successfully carried 
out, would deprive its subjects of the dishonest but con- 
siderable profit realised from the wrecks of unfortunate 
vessels driven upon their coasts. It was therefore consi- 
dered indispensable to obtain the concurrence of the Eu- 
ropean powers most interested in the question, in order 
to surmount the opposition anticipated, as well as to con- 
tribute the sums necessary to defray the cost of the pro- 
ject, and subsequently to secure the proper maintenance 
of the light. 

The idea was submitted to the Lighthouse Commission « 
by the members of which it was cordially received and 
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eiiergetically advocated. Unforlunately. obstacles inter- 
posed to disturb the preliminary accord necessary at the 
outset of the enterprise, and success appeared doubtful, if 
not impossible, when in i860, the Brazilian frigate Dona 
Isabel was driven upon the cape and totally wrecked. This 
vessel was manned by a numerous crew, including pupils 
of the Brazilian Naval School, biit in a dark night and a 
heavy sea , it was impossible to distinguish the dangerous 
point, and two hundred and fifty lives were lost. This 
disaster, more painful than any preceding it, excited pro- 
found sympathy and recalled public attention to the pro- 
ject previously entertained. The emperor of Morocco not 
only assented to the erection of a lighthouse , but prom- 
ised, besides, to provide the necessary funds for its con- 
struction, on the sole condition that France should appoint 
an engineer to direct the works. 

This nrission, which was difficult and ultimately pre- 
sented many unforeseen obstacles, was confided to M. Jac- 
f|uet, « conducteur des Ponts et Ghauss^es r , attached to the 
Lighthouse service, and he immediately proceeded to the 
locality. 

In the month of June 1861, a careful survey, made on 
board the French man of war le Coligny, enabled M. Jac- 
quet to fix definitively the site for (he lighthouse. In con- 
junction with the commander of this vessel, he decided 
upon a small plateau rising perpendicularly to a height of 
70 metres from the sea coast, and situated about 5oo me- 
tres north-east of the extremity of tfie cape. Thk spot 
commands an extensive horizon towards the open sea, as 
wpjl as in ihc direction of the strait, and is free from the 
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dense tojgs which sometimes envelop the summit of the 
mountain. 

The locality itself offered some resources in respect of 
materials for construction, which were the more valuable, 
as the only means of communication with Tangier are 
steep and scarcely discernible tracks. This town is the 
nearest centre of population, and everything brought 
hence to the lighthouse is carried by asses, a mode of 
conveyance very expensive and only admitting of small 
loads. 

The plateau is surrounded by rocks of a tine sandstone, 
sufficiently hard in quality, and easy to work. At a short 
distance below, a calcareous deposit was discovered, ca- 
pable of being converted into eicelient lime, and near to 
this were found a stratum of fire*day and a quantity of 
sand. Finally, two springs apparently inexhaustible, and 
slightly ferruginous, bubble up from the rock a few metres 
above the platform. But in order to take advantage of 
these resources , it was necessary to open quarries in this 
desert, to establish lime and brick kilns, to provide dwell- 
ings for the engineer and workmen, and to make arran- 
gements for a supply of provisions, etc. But the engineer 
had at his disposal only forced labour, i. e. men taken 
from the country adjacent, kept together by compulsion, 
and frequently changed. In addition to this disadvantage, 
they were unskilful, and particularly averse to assist in the 
success of a work, the object of whichthey did not com- 
prehend, and directed by an infidel whose orders were 
transmitted to them through the medium of interpret- 
ers without authority. In Morocco there are masons nolde- 
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iicient iji a certain skill, and who execute very cleverly that 
ornamental work replete with t^e graceful fancies so 
eflfective in Moorish architecture, but the solidity of con- 
struction required in a lighthouse exposed to tropical raios 
and violent tempests, could scarcely be expected from 
these workmen. The stonecutters were ignorant of the 
use of the square, and would not admit the possibility of 
working stone of larger dimensions than a man could ea- 
sily carry. The carpenters also have no idea of a framing, 
and only employ planks. Without doubt, workmen could 
have been procured from Spain , but the price of labour is 
so low in Morocco, that the government functionary to 
whose department the payment of the works pertained, 
could not make up his mind to pay comparatively exor* 
bitant wages, especially when it did not appear to him 
absolutely necessary. 

The French government came to the assistance of the 
engineer, and at the close of 1861 sent him a foreman 
and a. stonecutter, and subsequently two other workmen. 

At last, owing to the perseverance and energy of the 
engineer, under the most unfavourable circumstances, this 
important work was completely finished in 186A, and a 
light of the first order was kindled at the sununit of the 
tower on the 1 5'^' October in the same year. 

In order to ensure the regular maintenance of the light, 
na agreement was made between Morocco, on the one part, 
and the representatives of the ten powers most interested , 
on the other, viz. France, England, Spain, Italy, Austria, 
Belgiuvn, Holland, Portugal, Sweden, and the United 
Slates of America. 
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Each of these powers contributes t,5oo francs per 
annum, and their representatives at Tangier, forming a 
commission, decide upon all measures necessary for the 
proper maintenance of the lighthouse. The keepers arc 
Europeans, and are protected by a Moorish guard con- 
sisting of four men and a cadi or commander. This guard 
is paid by the consular commission. 

The ediBce consists of a tower, of which the exterior is 
square and the iiUerior circular. It is situated on one 
of the sides of a court yard, surrounded with an portico 
or verandah, under which are the lodgings and store- 
rooms, which are arched, and covered with a terrace. 
On the outside they are pierced with very narrow aper* 
tures, so tiiatwhen the gate is shut, the guards are pro- 
tected from nocturnal surprises, and could even hold out 
agaiiist attacks by the natives, until assistance arrived 
from Tangier. 

M. Jacquet the engineer kept the most exact account 
possible of the expenses incurred by the government of 
Morocco, expenses with which he had the prudence not 
to interfere. They were examined and paid by a special 
agent, an amine, and estimated by M. Jacquet at the 

sum of 9 56,1 38 fr. 

which includes the purchase of the lentic- 
ular or double convex lens apparatus, fur- 
nished by MM. Sautter and Company. ~ 

The expenses borne by the French go- 
vernment amounted to • . . . . 65,736 

Total ^9 1,874 fr. 
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LIGHTHOUSE OF NEW- CALEDONIA. 



A model on a scale of o^toA (one Iwenly-fiAh). 

The lighthouse represented by this modet was erected 
in i865 on the islet of Am^de, i3 miles from Port-de- 
France, in New-Caledonia. 

It is constructed entirely of iron, according to plans 
similar to those of the lighthouse of the Roches-Douvres, 
elsewhere described. 

It is founded on a solid mass of beton , in which are 
sunk the cast iron foot-plates which support the uprights. 

The tower is 45 metres in height, from the level of the 
ground to the platform at the top , and the lantern for the 
fixed light is 5o metres above the highest tides. 

The cost of the iron-work, including putting together 
and taking to pieces in Paris, amounted to 398,706 fr. 
76 cent., which is divided as follows : 

Ordinary castings for foundation foot-plates and sode of ground- 
story, 89,093 kilogrammes at o^/io 3 a, 837^30 

Finished castyigs for door, cornice and stairs, &5,887^68 at 

o',55 95,a38 ^i 1 

Wrought and plate iron, ]93,666\89 at 0^,70 i35,&s6 ,89 

Wrought iron fittings for door-frames, sashes, balustrades, etc. 

i7,879\97a( l^/^o 96,099 ,16 

Three coats of red lead paint, 5,o59"',93 at 1 franc 5«o59 ,93 

Bronxes, mahogany hand-rail, glazing, models, etc 5,i a3 ,93 

Total 998,7o6',75 
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The idea of constructing a building in stone upon a 
desert isle could not be entertained in a colony destitute 
of resources, and the erection of the iron tower presented 
difficulties sufficiently formidable, but they were skilfully 
surmounted by M. Bertin , «conducteur des Fonts et Ghaus- 
sees TD , to whom the direction of the work was confided. The 
new light, which is destined to render the greatest service 
to navigation, was kindled for the first time on the 1 5^ No- 
vember i865. 

The works were executed by order of ihe Minister of 
the Marine. 

The authors of the plan were : 

MM. Leonce Reynacd, inspector general <^des Fonts el 
Chauss^esT', director of the Lighthouse and Beacon ser- 
vice, and Allard, engineer in chief ^des Fonts et Chaus- 
sees ». 

The constructor of the iron tower and the model was 

M. RiGOLBT. 
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LIGHTHOUSE OF THE ROCHES-DOUVRES. 



Drawings od scales of o'yOi and o'",o^. 

The plateau of the Roches-Douvres is the most northerly 
of those innumerable reefs that render navigation so dan- 
gerous on the coasts of Bretagne* It is nearly equi-distant 
between the islands of Brehat and Guernsey, and twenty- 
seven nautical miles from the offing of the harbour of Por- 
trieux. 

The necessity of erecting a lighthouse on this point had 
• long been recognised , but the construction of a lofty stone 
tower in a part where the sea, owing to the great force of 
the tide currents , is constantly rough , was likely to pre- 
sent many difficulties and consequently to involve a consi- 
derable outlay, especially as sailing vessels only were avai- 
lable for the service, and these might frequently make 
fruitless voyages , on account of being compelled to <^ross 
the currents, both in going and returning. Steam naviga- 
tion and the use of iron for purposes of construction ap- 
peared to set these .questions at rest ^ and in the sitting of 
the 9 &^ January 1869, the Lighthouse Commission de- 
cided to illuminate the Roches-Douvres by a revolving 
light of the first order. 

The rock upon which it is established is situated near 
the middle of (he south side of the plateau. It rises to 
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the level of flood-tides, and the stone basement of the 
edifice is a™, i o in height. The iron tower is &8",3o , from 
the foot to the level of the upper platform, and 56"", 1 5 to 
the summit of the lantern. Its diameter, which is i i'",i0 
at the base for the inscribed circle, diminishes to li metres 
at the top. 

The focus of the lighting apparatus is 53 metres above 
the level of the highest tides. 

Cast iron stairs occupy the centre of the building; the 
store-rooms and keeper's lodgings are situated in the lower 
part, and are surmounted by two interior galleries, into 
which shi[)wrecked persons can be received, and where 
the workmen can sleep, when exceptional circumstances 
necessitate their passing some days in the lighthouse. 

The lodgings comprise a room in which are stowed the 
water-tanks, a store-room, kitchen, three rooms for the 
keepers, and one room for the engineers, when on a tour 
of inspection. A coal cellar is contrived in the solid part 
below the staircase. 

Up to the present time, the majority of iron lighthouses 
have been constructed with plates of iron more or less 
thick, riveted together. 

But in the present instance it was not thought expedient 
to adopt this plan; in the first place, because it causes the 
stability of the edifice to depend upon a covering greatly 
exposed to oxidation, and on this account it is deficient in 
the requisite conditions of durability, especially if ne- 
glected. In the second place, because the riveting and 
mode of construction require special workmen, and also 
becnnse the scafl*olding nccessarj' is difficult to erect upon 
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a rock of limited liiineiisions. The following conditions 
were therefore observed : 

1 . To render the skeleton of the editice entirely inde- 
pendent of the exterior covering; to shelter it from the 
sea fog» which rapidly cause oxidation ; to facilitate in* 
spection and proper keeping, and to reduce as much as 
possible the extent of surface exposed to humidity; 

3. To manage the process of construction, in such a 
way, that the tower should be erected without scaffolding 
at the bottom, and without clinching a single rivet on the 
place. 

Stress was also laid u|)ou the necessity of the parts 
being of such dimensions as to obviate any difficulties of 
embarkation, of stowage on board, and of placing in 
position. 

Sixteen great uprights or standards, each consisting of 
fifteen panels in the height, constitute the skeleton or 
frame-work of the building. Each panel is in simple T 
irons, put together, consolidated, and riveted in. such a 
manner as to ensure the most perfect solidarity, and re- 
sistance to deformation, contingent upon the strongest 
shocks or pressures that could be foreseen. These panels 
are bolted, one upon another, and cross-braces, inside as 
well as outside, also bolted, keep the standards in posi- 
tion. Finally, on the last cross-braces and on the exterior 
surfaces of the standards are fitted sheets of iron consti- 
tuting a covering, the joints of which are protected by 
wrought iron plat-bands fixed by bolls. 

Each standard is surmounted by a cast iron bracket, on 
which is corbelled out the platform re(|uired for the ex- 
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ternal service of the lantern. The standards rest upon a 
large cast iron foot-plate held by six wrought iron bolls, 
and embedded in a solid mass of concrete. 

The chambers are surrounded by a brick wall , which , 
for effectual shelter, is o",o& from the sheet iron tower, 
they have also brick partitions. A floor in concrete raises 
the surface to o'^y&o above the cast iron foot-plate, while 
the ceiling is in stone-work resting on small iron joists. 

The service chamber is at the top of the tower, and 
communicates with the lantern by a cast iron step ladder, 
as usual. 

The stairs of the tower are in cast iron with wrought 
iron stringers. The outer stringer is bolted to the stan- 
dards where it meets them, and thus contributes to the 
rigidity of the system. A half turn of the stairs corresponds 
exactly with the height of a panel, that is to say, 3",ao. 

Thedoor of entrance is in oak, with bronze mountings, 
and all the window frames are in rolled iron. 

The T irons are bent according to the angles of the 
polygon, in order to form the exterior arris of the pands. 
They are o", 1 8 by o", i o , and weigh 3 1 kilogrammes per 
metre. Those constituting the three other sides of the pa- 
nels are o",9o by e",io, and weigh 35 kilogrammes per 
metre. The panels of the three first rows have each a dia- 
gonal corner bracket arris-wise, formed of a bar of iron 
o", 1 4 by o",o 1 U , riveted to two T irons o", 1 3 by o",o65. 
This bracket, rivets included, weighs 64 kilogrammes per 
metre. ^ 

The cross-braces are in bar iron, o™,o8 by o",oi6, 
and weigh 9*^,689 per metre. 
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The thickness of the plates diminishes from the lower 
story, where it is o™,o i o , up to the top , where it is reduced 
to o",oo7. 

The cover-plates are formed of Lar-iron o™,oi i in 
thickness. 

The total cost of the construction is indicated in the 
following table : 

Iron tower, properly so called, wrought iron and castings, 

317,398 kilogramiiQes S93,986^76 

Joiner's and lockamiih^s work, bronze hand nil and painting. 33,788 ,67 

Lantern , lighting apparatus, fog bell 85,576 ,9. t 

Packing and carriage 1 9,8 1 9 ,8 1 

Tools, apparatDS for erection, various fittings 17,086 ,osi 

Fonndation work and conslraclion , 395, 100 ,00 

6o5,357',37 

A temporary light was placed upon the tower daring 
th^ execution of the works, and was raised at the same 
time with it. 

The actual light was kindled on the H*^ August 1869. 

The engineers for the iron tower were MM. L^once 
Rbynaud, inspector general <^des Fonts et Ghauss^es??, di- 

r 

rector of the Lighthouse service, and Emile Allard, engi* 
neer in chief «des Fonts et Chauss^es??. 

Constructor : M. Rigolbt, of Paris. 

The engineers for the foundation works and the con- 
struction on the rock were MM. DiuARniN and Fklaud, en- 
gineers in chief, dk la TniBONNiiRB, resident engineer, 
Bbrtin^ ccconducteur des Fonts et (Ihaussf^^es??, and Le 
BozBc, (t employ^ des Fonts et Chausseesr). 



XXXVIil 
LIGHTHOUSE OF THK HEAIIX DE BR^HAT. 



Thive models on a scale of o'",o& (one twenty-fifth). 

The lighthouse of ihe H^aux de Br^hat is of ihe first 
order, having a fixed while light, and is siluated about 
five miles from the most northerly point of the Breton 
peninsula. 

Height of lantern from foundation 49"«^o 

Height of lantern above highest tides. /i5"',oo 

Luminous range wilh the new lighting apparatus 30 miles. 

The strength of the tide currents in these parts is very 
great, and they attain a velocity of eight knots. When Ihe 
force of a tempest i§ superadded, the violence of the sea 
is such that the waves rise to a considerable height, and 
break with a roar against the objects they encounter. 

The edifice consists of a cylindrical tower, h'j'^^ko in 
height from the arris of the base to the foot of the Ian* 
tern, and is divided into two principal parts. The lower 
part is intended to support the strongest pressure and to 
resist the most violent shocks of the waves , it is therefore 
constructed wilh great solidity. With this view, the pro- 
file of the exterior follows a concave elliptic curve which 
gives a large projection to the base; it is i8 metises in 
height, i3'",70 in diameter at the base, and 8^,60 at 
the top, and the masonry is solid up to 1 metre above 
the highest tides. The upper part rests upon a basement 
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considered immovablevwhile the lightness of its construc- 
tion might appear suitable for a tower of the same eleva-r 
tion erected upon the land. It is ay'^^Ao in height (not 
including 9 metres for the basement of (he lantern), 6°", 80 
at the base and 5*^,90 at the top. 

The interior diameter of tKe tower is i'^no, and that 
of the basement of the lantern S'^^qo. 

•A bronze ladder gives access to the door, which opens 
to the south, and is placed 1 metre above the highest 
tides. 

The interior of the building is divided into eight stories, 
communicating by stairs, first straight, then circular with 
solid newel, of which the staircase is partly let into the 
wall. The first two stages serve as storerooms and the 
four following as the kitchen and bedrooms of the keep- 
ers, then comes a spare room , a service room,ahd finally 
the lantern. The successive diminutions of the diameter 
of the tower have allowed two exterior galleries to be 
formed. 

To facilitate access, the edifice has not been placed 
upon- the most elevated point, but upon a su£Bciently 
broad platform to the south of the rocky plateau, and 
A"^/io below the highest tides. 

The works were established on the island of Brehat, 
about to kilometres from the rock, in order to take ad- 
vantage of the facilities for embarking materials, and of 
the favourable currents of ebb-tide, which tend directly 
from the island to the site of the lighthouse. Eadi course 
was dressed and accurately fitted together before its em^ 
barkation, and was afterwards landed at its destination 



i42 LIGHTHOUSE OV THE H^AUX DB BREHAT. 

on the rook, and carried to the tower by meaos of a aeries 
of cranes, which passed the stones from one to another. 

During the constmction of the* solid part of the base- 
ment, a crane with a long jtb^and stayed by six shrouds 
made fast to the rock , was fixed in the centre of the build- 
ing on a wooden p)atform> elevated 3 metres above the 
level of the highest tides » by means of four uprights. Each 
of these uprights was secured by five shrouds and two 
strong iron cramps o"',07 in diameter, let into the rock, 
and was enclosed in the filling in of the interior of thtf 
tower, and by this means pennanenfly consolidated as 
the building progressed. 

Subsequently, the same crane was placed at the inter^ 
section of two trussed girders that rested On the masonry 
of the tower and were raised by means of jack--screws. The 
crane lifted the stones and put them immediately into, po* 
sition, the jib being easily varied even when loaded, and 
finally, a flying scaifolding surrounded the upper part of 
the building and was raised with it. 

The whole construction is executed in perfecdy homo- 
geneous granite, of a fine close grain and bluish lint; die 
vaults are in brick. Notwithstanding the violence of the 
shocks to which the lighthouse of Br^at is exposed, it 
was not deemed necessary to have recourse to the means 
employed in similar cases to ensure the solidarity of all 
the stones vof the edifice; but each course of the basement 
was divided into a certain number, of great key stones, 
each of which was fastened to the underlying parts by four 
granite plugs , let into the two adjacent courses and placed 
at the angles of the compartment. These arrangements 
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enabled the building to proceed more rapidiy and econom- 
ically, and it may be added that they have since been 
fully justified by experience. 

The wovks were executed between i83S and 1839. 

The cost, not including the lantern and lighting appa- 
ratus, amounted to. 5 3 1,679 ^^* ^^ ^'^^- 

The works were planned and executed under the direc- 
tion of M. Lecob, engineer in chief crdes Fonts etChaus- 
s^esv, and by N. RBr]>iAnD, resident engineer. 
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LIGHTHOl'SE OF LA CROIX. 



Drawings on a scale of o'",o'i. 

The great entrance passage of Trteux (OAtes-du-Nord) 
is indicated by two lights; one of which is established on 
the heists of Bodic, to the left of the embouchure, the 
other is on an isolated rock which is 9,000 metres 
from the shore, and is called La Croix. The luminous 
range of both lighthouses is only re(fuired to pervade an 
angular and limited space , so that the lighting apparatus 
consists of parabolic reflectors fixed in the upper cham- 
bers , in front of the windows opening in the direction of 
the passage. The lights are twinkling , and cannot be con* 
founded with any other lights on the neighbouring coasts. 

The top of the rock La Croix scarcely emerges from the 
level of the highest equinoctial tides. All the sides of the 
rock are nearly perpendicular, but between them is an ir- 
regular plateau, upon which it was just possible to in- 
scribe the circular base of the tower. This is divided into 
four stories surmounted by a platform, constituting the 
sole promenade at the disposal of the keepers. The ground 
floor serves as vestibule and storeroom, the first story as 
a kitchen , while the third includes the service room and 
lighting apparatus. 

It was necessary to carry the stairs in a small engaged 
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tower louoded 5 metres below the plateau on which the 
large tower rests. 

In order to leave the most elevated part of the edifice 
in the centre indicated by the light, the stairs do not 
reach beyond the third stage, and access to the upper 
platform can only be gained by a movable ladder kept in 
(he chamber of service. 

The building is constructed entirely of roughly dressed 
granite from File-Grande. The materials were prepared in 
a work-yard established in the little port of Loguivy, east of 
the entrance of Trieux. A railway brought ihem to a special 
place of embarkation where they were loaded into lighters , 
which took them to the very foot of La Croix. This trans- 
port did not present any difficulty, for the sea is seldom 
dangerous in these parts, but the currents are so violent 
that the journey backwards and forwards could only be 
accomplished at certain hours of the tide. The workmen 
employed in the construction could not be subjected to 
these conditions, and they were therefore installed in a 
small vessel, anchored permanently near, the rock. Once 
only, this vessel broke from her moorings, and was obliged 
to seek shelter in the port of Loguivy. 

The system of placing the materials in position is one 
of great simplicity, and has already been employed in 
several similar undertakings. 

A loading derrick with an oblique jib , was established 
on a projection of the rock in that part of the channel 
where the lighters came alongside. It lifted the materials 
and deposited them by a rotary movement on some points 
of rock levelled as a platform. Another similar derrick was 
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placed in the interior of the lighthouse tower, and secured 
by means of a framing, which was raised successively OB 
the springings of the vault of each «tage , in propoKioa as 
the construction progressed. 

Itiis derrick was placed , not in the centre of the priAeipal 
tower, but nearer the centre of the stair tovrer. In this Manner 
the materials collected on the platfonn of dep^it coukl be 
carried by the rotation of the jib to one tower or the olber. 
very near the desired position. Besides, this arrangement, 
by leaving the central axis of the tower d^r, peradilted an 
apparatus of verifit^ation to be put up, fon^ared of a radiiks 
movable round liie centre ^ and which ykras marked from 
top to bidtlom oC the cobdtruction by a plumb line. 

The stone-work was commenced in May t865, and 
iinished at &e end of 1866. The only stO|[>p^ expe- 
rieneed was in consequence of the tempests of this latter 
year, which for long intervals completely hindered the 
suj^plies of dressed stone. 

Excepting the supply and preparation of miaterials, the 
works were Entirely executed under the direction of 
MM. DqIabmn, engineer in chief, and Dfe u TaiBONNiiav, 
resident engineer, and und^r the asisiduous management 
of M. Bbaugdati]). roJidu<?t«fur. 
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UGHTHOISE OF CREAC'H 

< I8LAND OF OUBSSAKT. ) 



Drawings on a scale of o"',o/i. 

The former ligfathonae W Gr^»e'h was ^stabliihed on 
tAi€ castara extrevitv of the isiand of Ouessant, but iim 
present edifice is erected on the western point, and is better 
caleulated to indicate the landfall desired not only by ves- 
sels wbhiftg %o jenter Buest, but by the majority of those 
arriving froni the open sea , and attempting to make the 
entrance of the Channel. 

The biiildiag eeasists of a tower 43 metres in height, 
from tifee level of the ground^ and of subordinate imiid- 
ings ceateiaing stomrjooms, chambers reserved for engt- 
creen^ and three lodgings for the keepers aad their 
families. A icovered paisa^ eoanects the tower with the 
ontbuildaags. fiehiod the buildings is a aervice-yanl. 

The interior of the tower is a cylinder & metres in dia* 
meter, ib which is faed a winding flight of stairs in open 
work, composed of iSA steps and making about five cir* 
cuts and a half. Ilmae stairs are lighted by eighteen win- 
dows, and the aaeemt to the service room is continued by 
a cast iron ladder* A seoond ladder of the same material 
puts Uiis chamber in commjinication with the lantern , the 
diameter of which is also U metres, and the surrounding 
space is covered with marble paving. 
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The subordinate erections consist of a main building, 
Ua metres in length by 7",70 in breadth, aiid two wings. 

The keepers' lodgings are completely separated from 
each other. Each is composed of a kitchen, chamber and 
cabinet on the ground floor, with attics to correspond. A 
special stair-case for each keeper leads up to the attic be- 
longing to him, and each lodging has its private doors, 
opening on the front as well as on the service-yard. 

The reserved apartments consist of a chamber and ca- 
binet for the engineer, with the same accommodation for 
the conducteur. 

The lighthouse is supplied with water by means of two 
cisterns, which receive it from the roofs. These cisterns 
are situated, one in the front court, the other in the ser- 
vice-yard. 

Independently of these works which constitute the 
lighthouse establishment proper, and that have made the 
principal object of the undertaking, their accomplishment 
has re(pHred the execution of othel*s of some impor- 
tance, that have not been included in the contract. 
Such as die construction of a small port, and the open- 
ing of a new road of 3 kilometres, to facilitate the dis- 
charge and transport of materials which arrive from the 
continent. 

The lighthouse of Cr^c'h wa& established on a plateau 
of granitic rock previously levelled. With the exception of 
the basement, the cornice, and the window and door 
framings, it is built in rough quarry stone, covered with a 
layer of Portland cement. Up to the springing of the cor- 
nice, the masonry of the tower was executed with mortar 
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of hydraulic lime from la Rochelle, but the capping of the 
edifice was laid entirely in Portland cement. The dressed 
stones of the tower are in Kersanton granite , those of the 
subordinate buildings are in granite of the island. 

The stone-work of the tower was executed without any 
exterior scaffolding; all the service of materials was done 
in the space occupied by the stairs, and no accident at- 
tended the work which was commenced in i860, and fin- 
ished in i863. 

The cost amounted to 36 3, 596^,61% including the 
lighting apparatus. 

The plan of the lighthouse was designed by M. db Car- 
GARABEG, resident engineer. The works were executed under 
the direction of MM. MaItrot de Varbnhes, engineer in 
chief, and Rousseau , resident engineer. 

Gonducteur, M. Delaghibnnb; contractor, M. Tritsgbleiu 
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LIGHTHOUSE OF LE FOUR 

(Fimsins). 



Drawings on a scale of o",09 and o*,o4. 

The lighthouse of le Four is situated od tke most ad*- 
vaneed rock at the exircaie iftortfa of the dianBel of Chts 
MUM , and is two miles west 4>f tke litde port of Arjgeataa. 
This roek^ which is af very hard granite, riaes to abool 
a metres above high tides ^ and any d^^Pee of agitatieo 
in the sea renders it inaceasBiUe. In had weaAer^ the 
waves break so heavily and with such violence, that they 
dash above the lantern of the lighthouse, and have broken 
shutters of o"\o6 in thickness, which closed the narrow 
windows of the tower, during the execution of the works. 

The d^p6ts and yards for cutting and dressing the 
stones were established in the port of Argenton, whence 
the craft, which carried the workmen and materials to the 
rock, started when the weather and sea permitted. Steps 
cut in various places enabled the workmen to mount the 
steep and slippery sides, and a crane simple in construc- 
tion, and offering no hold for the waves, served to laud 
the materials. 

The lighthouse consists of a lower, having an interior 
diameter of V",5o, and is erected upon a solid mass of 
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fitone-work levelled to a metres aboYe the high tides of the 
eqniDOi , and eoibedded in the rock^ the highest poiatB of 
which it oompletely envelops. The wall is 9"'^7& in thick- 
ness at tbe base and i ""^ 1 8 al d»e top* The larmier of the 
upper cornice is supported by sixteen corbels , and above 
thift is a parapet consistiiig of slabs o'^ao in thickness » 
and arranged in pilasters. 

Above the solid base, the height of the tower is a ^"',70, 
and at this point it is surmounted by a ten sided polyg^ 
nal sheet^iron support for die lantern fk'^^ko in diameter. 
The focal plane thus exceeds, by ^S metres, the level of 
the highest tides. 

The masonry is in rubUe work of granite, lud in a 
mortar-bath of Poriland cement, with facings of dressed 
ashlar. The steepness of the sou&em declivity of the reck 
necessitated the greatest precautions in founding the lights 
house. Deep oonoentric redans were cut mto the rock, in-^ 
cKniiig towards die centre of the tower, and a number 4»f 
iron gudgeons, 0^,07 in diameter, bound the first courses 
of masonry together. All the stones of the stringHxmrse 
are also held with iron cramps, and a strong iron band is 
lei in above the coiibek of the cornioe. The pilasters of the 
parapet are secured by bronae sockets. 

The tower is composed of a groand Aoor and five upper 
Tories* The ground floor^ and the f#«r stories above, com- 
municate by stone stairs, commendng at the end of the 
entrance passage. The stairs are first straight, then circu- 
lar, with a newel, and have 96 steps, and the staircase is 
partly let into the thickness of the wall. A partition of mo- 
derate thickness separates it from the chambers. It stops 
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at the fourth story , from which floor the upper story and 
lantern are reached by means of wrought and cast iron 
hanging ladders, so placed as to occupy little room. 

The ground floor is divided into three compartments, 
the vestibule and two paved vaults , each lighted by a win- 
dow o'^fSo by o'*,9 5. The left vault contains a coal cellar 
capable of containing 5,ooo kilogrammes, and filled from 
the stairs; also a force and suction pump for the supply 
of water. The right vault is the oil d^pdt. On the first 
story is the storeroom in which are twenty two iron tanks 
holding 5,000 litres of fresh water; also two coal bunkers 
containing together 3,000 kilogrammes, and placed on 
either side of the door, in the angles formed by the pro- 
jection of the staircase into the interior cylinder of the 
tower. On the second floor is the kitchen; the stove is 
placed in a niche from which a deep groove, o'^fSo in 
breadth by o"',A& in depth, is formed in the wall and ex- 
tends to the upper platform. In this groove is fixed the 
copper chimney-pipe of the stove. The corners of the pro- 
jection of the staircase are utilised as two cupboards. The 
third story is the bedroom, in which are two beds and 
two cupboards, similar to those in the kitchen. On the 
fourth floor is the steam-trumpet room, but the trumpets 
themselves are above the service room on the fifth story. 
The ground floor and the two first stories are vaulted, 
as is the fifth; the former cylindrically , the latter spheri- 
cally. They are all in Bristol bricks except that of the 
fifth floor, which, being pierced by the service stairs ^ is 
entirely in granite. On the third and fourth stories, with 
the view of gaining space, a framing, consisting of seven 
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iron plate girders cross-braced , has been substituted for 
the vaulting, and supports smalt brick arches. 

The entrance door of the lighthouse and the outer 
windows are in oak, with a coating of boiled linseed oil. 
The interior windows^ floors, wainscot frames, room and 
cupboard doors, plinths and cornice mouldings ar^ in oak, 
waxed. The panels are pine, also waxed. The lower win- 
dows and the two first outer windows of the staircase are 
fitted with dead'lights similar to those used on board ves- 
sels. 

All the locksmiths work is in bronze, and mostly on 
special models. 

The trumpets, to which recourse is had in time .of 
fog, and when the light is not visible, are ordinarily put 
into action by air compressed in a reservoir by means of 
a steam-engine. In the present instance, want of space 
precluded the adoption of this method, and another plan 
was followed, invented by professor Lissajoux. This appa- 
ratus, which is clearly shown in the drawings, consists 
of : 1. Two vertical Field's boilers coupled, of a total of 
four horse power. 3. A trumpet with apparatus for pro* 
ducing a rush of air by a jet of steam. 3. A distributing 
machine moved by steam, opening and Cutting, at in- 
tervals, the communication of the boilers with the trum* 
pet, so that the sound is produced at the rate of one blast 
per five seconds, k. A clock regulating the steam distri->- 
butor. 

The sound of the trumpet is conveyed through an iron 
cone, fixed in a circular opening formed in the west*south- 
west side of the tower wall. The smoke of the fuel issues 
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through a copper pipe, joining the kitchen sieve pipe, in 
the groove made for that porpoM. The necessary presBare 
of steam can be got ap in twenty minates, at most, after 
lighting the fires. 

The hoilers are suppiied with fresh water, and the con- 
sumption, with the cadence adopted for the trumpet, is 
about a 5 litres per hour. A suction and force pump, 
placed in die western vault of the lighthouse, pumps 
fresh water from boats alongside the rock , and dischaiges 
it into the twenty-two iron tanks placed in the first story. 
These tanks hold 1,9 5 o litres, intended for the keepers, 
and 3,760 litres for the boilers, which are thus provided 
with sufiicient water for 1 5o hours of work at least, without 
the supply being renewed. 

The water is raised from the tanks to the feed-reservoir 
in the trumpet chamber, by means of an injecting appa- 
ratus put in motion by a steam-^cock fixed on the boilers. 

On the western coast of Finist^re the lights are numer- 
ous, in proportion to the difficulties and importance of 
navigation in these parts, and it was therefore essential 
to give to the lighthouse of ie Four a distinctive character 
which should prevent its being confounded with any other. 

The lenticular apparatus of the third order, which 
makes part of the exhibition of the Ministry of Public 
Works, was designed with this view. To a fixed light for 
half a minute, there follows for the same period of time 
a light with eclipses, the intervals of which are fixed at 
3 \ seconds. The illuminating power consists of lamps 
with three concentric wicks, fed with mineral oil. 

The works of the lighthouse of Ie Four were undertaken 
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in 1869, and the light was kindled, for the first time, on 
the 1 5*** March 187 4. 

The total cost of construction , including optical appa- 
ratus and steam-Uumpet , amounted to 808^888' 31% 
and the expense per cubic metre of masonry,- to not more 
than t5o fr. 

The edifice was planned and executed by M. Planghat, 
engineer in chief (ides Fonts et Ghauss^sv, and M. F^- 
Noux, resident engineer, and the works were directed by 
M. Bouillon, eonductear. 

The lighting apparatus was made by MM. Hbnry-Lk* 

PAVTB. 

The steam-trumpet is due to MM. Lissaiook and Flaod. 
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LIGHTHOUSE OF LA BANGHE. 



Two models on a scale of o'^^oh (one twenty-fifUi). 

The lighthouse of la Banchc was commenced in iSfit. 
and the light kindled on the t5^ Augost i865. It is si- 
tuated west-south-west of the embouchure of the Loire, 
9, Boo metres from the nearest land, i3 kilometres from 
Pouliguen, and alt kilometres from Sainl-Nazaire, the 
only ports in which the materials could be prepared and 
embarked. 

It is established on the bank of le Turc, which at ebl>- 
tides is only a few decimetres above the surface of the 
water, and forms part of the great plateau of la Bancbe 
extending from north-west to south-east, a length of 
7 kilometres, with a breadth varying from i,5oo to 
Q,5oo metres, and separating the northern and southern 
channels. This plateau constitutes the most serious danger 
in entering the Loire, for at low tide there is only from 
1 to 5 metres of water, and it is thickly studded with 
projecting rocks. Like all those of the second line of reefs, 
on this division of the French coast, it is formed of calca- 
reous rocks of the tertiary group. 

The currents are not very strong in the vicinity of the 
plateau, but when the great billows of the Atlantic roll in 
and break upon this species of barrage, without having 
previously oncountered anjr obstruction to their course, they 
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acquire such violence, (hat, during the winter that followed 
the completion oi the masonry, masses of water not only 
dashed up to the top of the tower, and over the cornice 
which projects considerably, but dislocated, solid as it 
was, the frame-work of the conical roof temporarily fixed 
on the building. 

The great distance of the lighthouse from the ports of 
embarkation of the workmen and materials rendered it 
inexpedient to return after each tide. This would have 
caused great expense and loss of time; the small vessels 
therefore, employed in the work of transport , anchored.in 
the vicinity as frequently as the state of the sea permitted. 
This little fleet consisted of two lighters, of from 4o to 
5o tons measurement, a little steam sloop, of lo horse 
power, and three large boats, one of which was a life- 
boat. Graft of a larger tonnage could not bo employed, on 
account of the pecessity of starting from the port of le Pou- 
liguen at every tide, and of finding refuge there in case 
of need. 

Unless in a calm altogether exceptional, the bank of le 
Turc can only be approached at one point on the northern 
side, and it was therefore decided to place the lighthouse 
in the neighbourhood of this point. But upon commencing 
the foundations, it was soon perceived that what appeared 
to be the rock was in fact only an enormous mass of 
calcareous stones of considerable size, which had been 
wrenched by the sea from the plateau of la Banche, and 
cemented together by sand and mud. It was necessary 
however at any price to establish the foundation on the 
solid part of the bank, and this was only discovered at a 

»7 
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distance of 9 5 metres south of the point of debarLatlon , 
and exposed to the full force of the sea. The depths varied 
from o'^^^o to o",ao only, above the level of low spring 
tides. 

The surface of this rock was hard, and without uian> 
fissures : it appeared at least to ensure a good foundalioo ; 
but when the excavations were commenced for the first 
courses, it was observed that in many places the rock be- 
came softer, and sometimes changed into a mass of cal- 
careous matters not solidified, and of the consistence of 
muddy sand. Under these masses, the rock was found solid 
at depths varying from o'^tGo to 3"',io; but numerous 
soundings showed that they did not constitute a continuous 
stratum, and that they only occupied small cavities more 
or less important. In order to obtain the extent required , 
it was necessary to seek these intervals of solid with the 
greatest care, and to clear them from th^ detritus. This 
was effected at each tide by means of coffer-dams hastily 
constructed; most frequently of the seaweed close at hand. 
They were then packed with a mortar-bath of Portland 
cement to a depth, in some cases, 9 metres below ibe 
lowest ebb-tides. 

While these difficult foundations were being laid, the 
landing and conveyance of materials also occupied atten- 
tion. The various vq^Is employed could not be brought 
alongside the southern part of the bank, and a dike was 
therefore formed across it, more than 100 metres in 
length, the top of which was raised o*",do higher than 
the average level of the sea, and made sufficiently broad 
to allow a line of rails to be laid in order to convov to 
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the foot of the lighthouse the materials landed at the 
northern point, where the vessels could come alongside, 
and where a crane was established to discharge them. 
This dike, traced from north to south, tangentially to 
a circle of to metres radius, concentric to the tower, 
followed at its southern* extremity this circle for about 
190 degrees, and protected the first part of the stone-work 
against the waves from the south-west, and against the 
first strength of the rising tide. It was quickly executed 
with rough stones from the bank itself, laid with rapidly 
hardening cement, and finished at the same time as the 
foundations. These last were commenced on the i &^ May 
1869, after two months of soundings and preparatory 
work, and at the end of the season had attained a height 
'of 1 metre above the lowest tides. 

This result was only obtained by remaining at the an- 
chorage as long as the sea permitted, in order not to lose 
one of the few hours available under the circumstances, 
and this proceeding ensured the comparatively rapid com- 
pletion of the undertaking. 

The lighthouse was planned according to the type of 
sea lighthouses of the third order, and was to consist of a 
stone tower, of which the elliptic basement would rest on 
a solid foundation I'^ffio in thickness. But, taking into 
account the unsatisfactory nature of the rock, it appeared 
expedient to diminish the height of the tower, and to in- 
crease the thickness of the foundation by 1 metre of stone- 
work laid with mortar of Portland cement, in equal parts 
of cement and sand. This course of action was not dictated 

bv the idea of lessening the weight of the tower, since 

« 

^7- 
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the cube of the masonry remained evidently the same 
(1,99/1", 83 instead of i,998™,67), ^^^ moreover the 
pressure per square coptimetre was already very small 
(i'*,68), but really to reduce the lever pov^er tending 
to overthrow, exercised by the shocks of the waves, and to 
establish the tower on a veritable monolith , sulTiciently solid 
to withstand without damage the inequalities of resistance 
offered by the foundation bottom. The total height of the 
work is 9 6"',595, and the focal plane of the lighting ap- 
paratus is 9i"*,9 9 5 above the highest tides, an elevation 
sufficient for the range assigned to the light. 

The tower includes a cellar, vestibule, kitchen, two 
keeper's rooms and a service room. With the exception of 
some minor modifications of details, of which the models 
only can convey a correct idea, it is capped and arranged 
similarly to all other sea lighthouses of the third order. 

The threshold of the entrance door is only 2 metres 
above the highest tides, but as this door is placed on the 
northern side, and sheltered from the waves of the oflling, 
the sea rarely reaches it, and never so violently as to ex- 
cite apprehension. It was only necessary to use means for 
the protection of the window, and to this end a thick cop- 
per shutter is fitted into a bronze frame meeting the double 
curve of the basement facing. 

All the stairs are in cast iron with sheet-iron stringers. 
For the ordinary brick or stone vaulting, floors have been 
substituted, formed of strong girders of plate and angle- 
iron , of which the spaces are filled with brick work. 

This plan was adopted not merely with the view of in- 
creasing the volume of air in the chambers, but to furnish 
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additional su])port to the hollow part of the tower, which 
is also sustained by three wrought iron bands o'",o5o in 
thickness by x)°'^o'jo in breadth, embedded in the masonry 
at different levels. 

The catadioptric apparatus gives a fixed red light. 

The upper part of the foundation was executed in very 
hard granite from the quarry of Lavau , which also sup- 
plies the works at the port of Saint-Nazaire. The cornice, 
capping of the lighthouse, and base of the lantern, are in 
fine granite from la Conterie , near Nantes. In the rest of 
the edifice, the coast granite was exclusively used in the 
exterior as well as the interior facing, in the form of dressed 
ashlar, o"',a2 5 in height of course, o",5o length of aver- 
age pendant (without going below o°',4o), and o"',/io to 
o°'»55 in length, except for the framings of openings, 
which are of longer dimensions. 

The works, transport and setting of materials, were 
executed entirely «en r^giew. 

The cost amounted to 3 7 A, a 8 0^85% including the 
lighting apparatus. 

The lighthouse of la Banche was planned and executed 
under the direction of M. Chatonby, then engineer in chief 
cedes Fonts et Ghaussdesn, by M. Lefbamb, engineer t^des 
Ponts et Ghauss^es ». 

The works were conducted by MM. Salley, conducteur, 
and BuTAT. secondary agent. 
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LIGHTHOUSE OF THE BARGES. 



Three models on a scale of o^oA (one Iweoiy- fifth). 

The lighthouse of les Barges is one of the third order, 
and shows a white light, varied at intervals of three mi- 
nutes by red flashes. It is 51,100 metres from the coast, 
and is situated on the west of les Sables^d'Olonne, on 
the plateau of the great Barge d'Olonne , which is about 
600 metres in length by 3oo metres in breadth, and is 
entirely under water, with the exception of a few points 
emerging here and there ih isolated groups. 

Luminpus range 16 milies. 

Height of focus above flood-iuies 3 3*,oo 

Height of focu§ above foundation boUom 97* 5o 

The cylindrical tower is 9/i"',8i in height above the 
rock, not including the turret of 51 metres. It is solid, and 
has elliptic facings up to & metres above the highest tides, 
or 8",5o above the rock, where the hollow part com- 
mences. The basement is ig metres in diameter at the 
base, and 6'',5b at the upper part. The hollow part is 
i6"',3i in height and i'^jbo interior diameter; and the 
walls are i",5o in thickness at the base and o^'^yy at 
the* top, which constitutes a diminution of o",o45 per 
rhetrr. 
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At Barges the tide currents are not very strong, but 
the violence of the sea is such that the spray sometimes 
rises to a height of more than 3o metres, and falls on the 
cupola. This reason dictated the expediency of so lai^e 
an extent of basement, also its execution in solid ma- 
sonry with facings of dressed granite, fastened by tenons 
and mortises. 

The entrance door, to which access is gained by a lad- 
der let into the masonry, is placed U metres above the 
hi^est tides. At this level commences the hollow tower, 
the walls of which are entirely in roughly dressed granite. 
It is divided by brick vaults into five stories connected 
by stairs; in stone for the lower story, and in cast iron for 
the others. A double cincture in bronze consolidates the 
tower from the upper vault. 

A cellar containing water-tanks, a coal-bunker and a 
depot for various articles, has been formed in the base* 
ment. 

The foundations presented very great difficulties. It was 
not found practicable to place the edifice on the point most 
elevated and most convenient for approach, as in that 
place the rocks were detached and full of fissures. This 
circumstance compelled the adoption of a site most exposed 
to the sea, and of which the average level was only o*',5o 
above low spring^tides, and o'^ySo below low neap-tides. 
The irregularities of the surface, and the inclined veins 
that it presented, led to the first course of the facing being 
let o"',9 5 to o"',3o into the rock, in order to prevent slid- 
ing. Two seasons were required to accompjish the levell- 
ing, those of 1867 and i858: at the same time it ought 
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to be mentioned that the rock is of extremely hard gra- 
nite, so that not more than twelve stonecutters could be 
employed at once, and that the number of actual working 
hours was only thirty-eight in 1867, and forty-6ve in 
i858. 

The necessitj' of protection from the waves was recog- 
nized from the commencement of the works, and for this 
puq)Ose two jetties were constructed, one of which is 
75 metres in length and 3 metres in breadth, with the 
top made flush with the level of high neap*tides. 

The stones of the first four courses were landed and 
set by means of temporary appliances, consisting of a land- 
ing crane, lot into a post fastened to the lighthouse, and 
a setting crane, movable on a circular plate fixed in the 
central stone-work. 

In the month of July 1859. more powerful apparatus 
was put up, consisting of a safety top and lifting sheers, 
which served to raise the stone-work of the basement to 
the level of high neap-tides; but in the month of October 
following, the whole was carried away by a tempest of ex- 
traordinary violence. 

In i860, it was necessary to have recourse to new 
machinery, prepared during the winter, and comprising a 
landing crane, a setting crane, and a crane for lifting 
and setting, for the construction of the holloM' tower. 
These different appliances are represented in the model. 

All the masonry, except one part of the interior of the 
solid basement , was executed in Portland cement mortar, 
in the proportion of 1 part of sand to i of cement for 
the dressed stones, and 2 of sand to 1 of cement for the 
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rough stones and bricks. The filling in of part of the ba- 
sement, below the level of the highest tides, was effected 
with rapidly setting cement mortar from the isle of R^, in 
the proportion of i part of sand to i of cement. 

The works were commenced in 1867 and terminated 
in 1861. During these five seasons the workmen were 
able to land 3A6 times, and in all to work at the light- 
house 1,960 hours, and at the jetties 3o8 hours. 

The total cost amounted to /i 5 0,000 francs, of which 
sum nearly 80,000 francs were for accessory works. 

The lighthouse of les Barges was planned by MM. Pbtot, 
engineer in chief, and Lancblin, resident engineer. The 
construction was carried on under the direction of M. Fo- 
RESTiER , engineer in chief, of M. Leobos, resident engineer, 
from 1867 to i858, and of M. Marin, resident engineer, 
from i858 to 1861. 
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LIGHTHOUSE OF LA PALMYRE. 



Drawiiigs on scales of o",09, o"',oA and o'",90. 

Tower and dependencies. — The lighthouse of ia Pal- 
myre is situated in the middle of the downs on the right 
bank of the Girdnde, and five miles inland from the point 
of la Coubre. Concurrently with the lighthouse established 
on this point, it is intended to point out the first line of 
direction at the entrance of the northern passage of the 
embouchure of the river, also to enable vessds to avoid 
the bank of la Mauvaise, of which the slow and steady 
progress north- north-east, has led to an alteration in the 
line of beacons formerly placed in this passage , and which 
had become dangerous. 

It was not considered expedient to erect a building of 
stone in this place, partly because of the difficulties pre- 
sented by the transport of materials, and partly on ac- 
count of the probability that ultimate changes in the 
channel of the passage might necessitate the removal of 
the lighthouse to another site. This latter consideration had 
already suggested the employment of timber in the con- 
struction of the great lighthouse of Pontaillac, in the same 
district. It was therefore decided to erect an iron tower, 
after a new system invented by M.Lecointre, engineer de 
la Marine and of the Mediterranean Company of Forges 
and Workshops. 
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The shaft of the tower consists of oine cylindrical 
tubes, each 9'*,8o in height, fitted one upon the other, 
and forming a staircase a metres in the interior diameter. 
These tubes, q tons in weight, are composed of six plates 
of iron o'^^ot in thickness, bound together by exterior 
vertical cover-plates , riveted, and bordered at their upper 

and lower extremities by two angle*irons ii[22i23£, riveted 

on these plates. Bolts fasten eacb tube to the preceding 
and succeeding tubes. 

In each division of the pillar the stairs are lighted by 
a small window, and are composed of sixteen steps in 
striated iron plate, o'^ySo in average length, fastened to 
two rows of angle-irons, one of which is fixed to the in- 
terior of the tube, and the other to a hollow cylindrical 
newel, ko centimetres in exterior diameter. 

The nine tubes form a pillar si5'",90 in height, hav- 
ing a solidarity with the foundation, which consists of 
concrete 3 metres in thickness, run into the sand of the 
down on which the lighthouse stands. The tube is con- 
nected with the foundation , both at the top and at the base. 
For this purpose, flanged cast iron shields or plates, em- 
bedded in the lower part of the concrete, serve as points of 
holding for bolts, which traverse the whole thickness of the 
foundation. The heads of these bolts are fixed in the 
plates, on the one part, at the base of the first lower 
tube, by riveting, and held on the other part, by a double 
system of screw nuts. This plan of connecting the base of 
the tower with its foundation, is also employed to attach 
the two upper tubes of thp column to the same solid mass. 
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With this view, two tubular iron struts arc riveted bv 
means of elliptic angle-irons to the eighth and ninth 
tubes, and are iixed to the plates in the same manner as 
those that sustain the column. 

The plane of the mass of concrete is in the form of an 
equilateral Y, of which each branch is h metres in breadth 
and is terminated by a semi-circle , having its centre at 
5 metres from the axis of the tower. The central pillar is 
maintained in position by six bolts, o^^o'j in diameter and 
3°',67 in length, and rests upon a vertical monolith socle 
o^^tio in height. The axis of each of the three struts meets 
the surface of the concrete in the centre of the circumfe- 
rence which terminates each branch of the Y. These struts 
are fixed at their base to four foot-plates, by means of a 
similar number of bolts, o'^^oy centimetres in diameter 
and 3^,67 in length, held, in the same manner as those 
of the centre, by cast>-iron plates. These four foot-plates 
rest on a cylindrical socle, forming one with the solid 
concrete, and of which the surface is perpendicular to the 
direction of the strut. The foundation bolts are respect- 
ively parallel to the struts which they fasten. The cylin- 
drical lengths of the struts, and of the newel of the stairs 
are jointed to each other, so that the upper extremity 
of each division is covered for about o"',io of its length 
by the lower portion of the part surmounting it. and 
these junctions are secured by rivets. 

The column occupied by the stairs has above it a cylin- 
drical construction, /j"\qo in interior diameter, which is 
divided into three parts : service room, a|>pai*atus room and 
roof. An exterior gallery, o™,()0 in breadth, affords from 
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the service room, a promenade' round the edifice, and is 
supported by brackets; it has also a guardrail of sheet-iron. 

This upper part is composed of twelve sheets of iron 
joined together in the interior by vertical angle-irons. 
Each of these cylindrical segments is covered by a panel 
in teak o^'^o/i in thickness. The service room is 3 metres 
in height; it contains the cylinder of the stair landing, a 
small room for the keepers and a little storeroom ; a wrought 
iron ladder puts it in communication with the light room. 
A small outer gallery is placed below this last room, to 
facilitate the daily cleaning of the glass through which the 
luminous rays pass. A perpendicular tube in sheet-'iron, 
o*,8o in diameter, allows access from the light room to 
the top of the roof, and by passing through a man*hole 
the necessary repairs can be executed. By means of hooks 
fixed in the roof, and of apertures in the floor of the lower 
platform of the lantern, an exterior movable scaffolding 
can be established for the purpose of renewing the paint on 
all the surfaces of the tower, in order to prevent oxidation. 

The keepers' house and the out buildings dependent 
upon the establishment are constructed on the abrupt 
declivities of the down, a short distance from the light- 
house, and are in brick. The light was kindled for the 
first time on the i*' September 1870. 

The cost amounted to the sum of 1 3/1,968 fr. 55 cent, 
divided as follows : 

Road of access ii7,75a^38 

Foundations, keepers^ house and out buildings. . 29,935 ,37 
Iron lower 76,580 ,80 

Total l3/l,968^55 
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Ligliti$ig apparatus. — The luminous rays of the light 
of la Palmyre are concentrated in an angular space of 
65°, and show red and green alternately, during intervals 
of twenty seconds, without the interposition of eclipses. 
The apparatus is composed of a dioptric and catadioptric 
lens with a fixed light, embracing an angle of l5o^ also 
of a catadioptric reflector placed in the opposite angle to 
the preceding, and two groups of vertical prisms arranged 
in front of the fiied light, in the space on each side of 
the centre, and outside the angle to be illuminated. These 
elements have been calculated in such a manner as to 
concentrate the rays proceeding from the fixed light, and 
to distribute them as uniformly as possible in the useful 
ang^e of &5^ 

Between the fixed light and the vertical lenses, is a cir- 
cular screen formed of three sheets of glass, each com- 
manding 70"; the two outer sheets are red, the centre 
one is green. The mounting or frame bearing this screen 
receives an oscillating movement, by means of which the 
light passes rapidly from one colour to the other, and re- 
tains, during a given time, a constant tint. 

The apparatus is placed upon a plate and cast iron 
socle, in the interior of which a machine moved by a 
weight gives a uniform rotary motion to a vertical shaft. 
The regularity of this movement is ensured by a Foucault 
regulator. On the shaft is fixed a horizontal plate having 
a groove formed of two arcs with different radii , con- 
centric to the vertical shaft, opposite to each other, and 
connected by waving or sinuous lines. A little roller, 
attached to the oscillating support of the screens, pene- 
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trales into this groove and reQiains motionless, so long as 
it is in one of the circular parts. But when the rotary mo- 
tion of the shaft brings the roller in contact with one of 
the lines of junction, it is compelled to move until it ar- 
rives at the other arc, where it remains immovable as 
before. 

By means of this arrangement it follows that the screen 
describes an angle of 76** in four Seconds, that it remains 
without motion sixteen seconds, that it afterwards performs 
a movement of oscillation in the reverse direction , and re- 
mains immovable as before. This movement brings sueces- 
fdvely before each part of the light, now the green, now 
one of the red screens, in such a manner as to produce the 
kind of light designated. 

The illumination is produced by a mineral oil lamp, 
having a burner with three wicks. 

The engineers were MM. Lecoii«trb, engineer in chief 
of the Mediterranean Company of Foi^es and Workshops , 
Mabchegat, engineer in chief ades Fonts et Ghauss^es » , 
and Lakib, resident engineer. The lenticular apparatus was 
composed and calculated by M. Allard, engineer in chief 
«des Fonts et Chauss^s». The apparatus and rotary ma* 
chine were executed by MM. L. Sautteb, Lbmonnibr and 
Company, lighthouse constructors, Paris. 
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LIGHTHOUSE OF SAIMPIERRE DE ROY\N. 



Drawings on a scale of o"*,oA. 

The embouchure of the Gironde presents two distinct 
passages, tending eastward in directions neariy at rigbl 
angles to each other. The northern passage is wide and 
deep, and most used by vessels; the other, the southern 
passage , though less practicable for navigation , offers great 
advantages, even for ships of large tonnage, when vessels 
enter it with the wind in the south and at the turn of the 
flood-tide. 

The two lighthouses of Saint-Pierre de Royan and du 
Ghay, distant from each other a kilometres, are intended 
to light the latter passage, and to replace advantageously, 
on the right bank of the river, two of the old beacons « 
which were only useful during daylight. In order that no 
confusion might occur in these arrangements for the safe 
navigation of the embouchure, which was already pro- 
vided with a great number of lights, the two lighthouses 
in question only illuminate an angular and limited space. 
The apparatus is placed in the upper chambers of the edi- 
fices, in front of windows opening in the direction of this 
passage, and consists of spherical reflectors which throw 
back the luminous rays from the focus upon lenses ^a 
Echelons 99, of which the parallel optical axes are situated 
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in the vertical plane of the line of direction required. 
There is only one apparatus in the lighthouse of le Ghay^ 
while there are two in that of Saint-Pierre, on account 
of the greater distance of the tower. All these lights are 
red and fixed. 

The edifices consist of stone towers, of a rectangular 
form, and the interior arrangements are the same. The 
most important is that of Saint-Pierre. 

The plan of this building is that of a perfect square , 
the measurement of which is 5 metres throughout the 
whole height of the tower. A small party wall of ao cen- 
timetres serves as string-wall parallel to the exterior, and 
separates the staircase, of which the breadth is a metres, 
from the reserved chamber on each story on the side of the 
fa(ade. 

These rooms are eight in number, including the 
ground-floor, and are consequently 9°',8o in breadth by 
5 metres in length. 

The ground-floor serves at the same time for vestibule 
and reception room; the oil room is on the first story; the 
a"*, 3"*, U^ and 5'** stories constitute lodgings for the 
keeper and his family; the service and light rooms arc 
in the upper part of the building. 

This ediflce is intended to serve as a landmark during 
the day, and to render it more clearly visible, and obviate 
at the same time the possibility of confounding it with the 
steeples of the town of Royan , the upper part has been 
enlarged by means of wing walls, corbelled out i"*,5o on 
each side. In addition to this, it is covered with broad 
horizontal bands, alternately red and white. The signal on 

i8 
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the top of the tower stands out against the sky, and is 
painted entirely red. 

This light was kindled on the i5^ Jone 1878. 

The plans were drawn up by M. Rbtnaud, inspector 
general, by M. Lasne, resident engineer under the direc- 
tion of M. Marchbgay, engineer in chief. 

The works were conducted hv M. Sauvioh , t^conducteur 
des Ponts et Ghaussees r. 
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LIGHTHOUSE OF ARMEN. 



Drawings on scales of o^.of 5 and o'",oA. 

The island of Sein is situated on the western extremity 
of the department of le Finist^re and extends in a west- 
erly direction by a succession of reefs, to a distance of 
nearly 8 miles from the island, and lower proportionably. 
The tops of some are elevated above the highest tides; 
others are alternately above and below the surface of the 
water, while the greater number are always submerged. 
They constitute a sort of barrage, the direction of which 
is nearly perpendicular to that of the tide-currents, and 
the sea almost constantly breaks over them with extreme 
violence. 

This singular geological formation, known by the name 
of the causeway of Sein, has acquired a sad celebrity 
amongst nautical men , and in 1 89 5 it occupied the atten- 
tion of the 'Commission appointed to elaborate our system 
of maritime lighting. 

The plan adopted, and at that time it was impossible 
to propose a better, consisted in erecting two lighthouses 
of the first order : one. on the point of le Raz, the other 
on the island of Sein, to mark the direction of the 
causeway. Mariners are clear of danger, and know on 
which side they are, when the lights open out from each 
other. On the other hand, when the luminous points are 
nearly in the same line, it warns them to make a greater 

18. 
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offing 9 to avoid striking on the reefs. But nothing enabled 
them to judge of this distance, and it does not require 
a very thick fqg to prevent the lights from effectually 
indicating the limit of danger, and in such a case they 
are of little use. For this reason the causeway of Sein 
continued to be the scene of mournful disasters, and the 
former system of lighting had only the effect of reducing 
the number of wrecks, while our navigators for whose se- 
curity so many precautions are taken at the present day, 
complained at different times of this state of things. 

In April i860, the Lighthouse Commission demanded 
that the subject should be properly investigated, in order, 
to know if it would not be possible to erect a lighthoose 
of the first order on one of the rocks not covered by the 
sea, and as near as possible to the extremity of (he cause- 
way. The idea was approved on the 3"* June follow- 
ing, and the first surveys of the locality were confided 
to a commission composed of engineers and officers of 
the navy. In July of the same year, this commission bad 
made a careful examination of the local conditions, and 
had ascertained that the heads of three rocks emerge from 
the water near the extremity, even in strong tides. Of these 
rocks , which bear the names of Madiou , Schomeur and 
Ar-Men, the two first are nearly covered, while the third 
rises to about i"',5o above the lowest ebbtides. The state 
of the sea had not permitted them to go alongside Ar* 
Men , but its dimensions appeared insufficient for the con- 
struction of a great lighthouse, and it appeared impossible 
to land, however favourable the weather might be. The 
commission were therefore unanimous in proposing as a 
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site the rock Neurlach , which is situated 5 miles inwards 
from the extremity of the causeway. This idea was repu-« 
diated by the Lighthouse Commission, as not tending to 
ameliorate the existing state of things sufficiently for the 
requirements of navigation » and the Ministry of Marine 
was requested to command a thorough hydrographic ex- 
ploration of the extremity of the causeway. 

Various circumstances retarded the execution of this 
work. In 1866 M. Ploix, engineer and hydrographer, was 
sent to the spot , and if he was not able to gather all the 
information necessary , still his investigations enabled the 
Commission to decide upon a plan. M. Ploix arrived at 
the conclusion that Ar*Men was the most proper site. « It 
is a work,» said he, cc exceedingly difficult, almost im- 
possible, but considering the paramount importance of 
lighting the causeway, we must try the impossible. » 

The currents passing, over the causeway of the Sein ai*e 
in fact most violent; their speed in high tides exceeds eight 
knots, and in the calmest weather they cause a strong 
chopping sea, and render the water very rough as soon as 
a breeze from an opposite direction meets them. There is no 
land to shelter the rock against winds . from between the 
north and east-south-east, round to the south, and it is 
only possible to go alongside during very gentle winds 
between north and east. 

To anchor a floating light at the extremity of the cause- 
way had been recognized to be impossible , as much on 
account of the great depth of water, as in respect of the 
bottom being thickly studded with rocks, -around which 
the holding cable would be entangled. 
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Neither was it possible to entertain the idea of esta- 
blishing an iron structure resting directly on the reef, 
since boring holes o",i8 or o'^^ao in diameter, that 
would be necessary for embedding and securing the stan- 
dards, would be one of the longest and most difficult oper- 
ations. It was also observed that the principal planes of 
cleavage were vertical , and it was to be feared that the 
structure would not resist the shocks it would have to 
support; and it would be almost im[K)ssibIe to land the 
diflferent pieces of the iron framing, necessarily heavy and 
difficult to handle, and finally there would be the risk of 
losing several before succeeding in putting them in posi- 
tion. Taking into account these various considerations « 
the Lighthouse Commission , in its sitting on the 39^ No- 
vember 1866, gave an opinion that a solid foundation 
of masonry must be established on the rock Ar^Men. and 
that it must be of such dimensions as would be suitable 
for the ultimate construction of a lighthouse. 

Neither the Commission of i860, nor the engineer 
hydrogrophers, nor the engineers of the department, nor 
their sailors, nor the director of the Lighthouse service had 
hitherto succeeded in landing on the rock. M. Ploii had 
not been able to get nearer than iS metres; but M. Joly, 
engineer, was more fortunate, and the sketches that he 
took , and afterwards finished from the descriptions of the 
fishermen, gave the starting point of a system of con- 
struction. Thje dimensions of the rock were ascertained to 
be 7 or 8 metres in breadth by 1 9 to 1 5 metres in length, 
at the level of ebb-tides; also that the surface was very 
unequal and divided by profound fissures, and that, while 
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almost perpendicular on the eastern side, there was a 
gradual slope on the western* Shortly afterwards , the syn* 
die of the islanders announced that a fresh attempt, made 
under favourable circumstances, had met with success, 
and he forwarded a specimen » which sho^i^ed the rock to 
consist of a gneiss tolerably hard , except in some parts 
where it was decomposed. 

The following mode of construction was therefore de- 
cided upon 9 viz., to bore holes 3o centimetres in depth, 
and one metre apart, all over the site of the intended edi- 
fice, and some other holes outside this limit, in order io 
hold the ringbolts necessary for craft coming alongside, 
and to fasten the shrouds. The object of the first set of 
holes was to receive wrought iron gudgeons, to fix the 
masonry to the rock, and to make the construction itself 
serve to bind the different parts and fissures, and thus 
consolidate a base the precarious nature of which gave 
rise to some misgivings. 

It was proposed that in addition to these gudgeons 
others should be added, and strong iron chains iiitro* 
dueed hoi*izontally into the masonry, in proportion to its 
progress, so as to prevent any possible disjunction. 

For the work of boring the holes, the services of the 
fishermen of the isle of Sein were called into requisition , 
since their calling familiarised them with all the rocks of 
the causeway, and they were in a position to lake advan- 
tage of every favourable opportunity. After many difficul- 
ties, they accepted a contract, the Government agreeing to 
furnish tools and life-belts. 

In 1867 they went vigorously to work, and hastened 



^80 LIGHTHOUSE OF AR-MEN. 

to avail themselves of every possible chance of working. 
Two men from each boat landed on the rock, and pro- 
vided with their cork belts, lay down upon it, holding 
on with one hand and using the jumper or hammer 
with the other; they worked with feverish activity, the 
waves constantly breaking over them. One was carried 
off the rock , and the violence of the current bore him a 
long distance from the reef, against which he would have 
been dashed to pieces. However his life-belt kept him up, 
and a boat went to fetch him back to work. At the close 
of the season , seven landings had been effected , and eight 
hours of work accomplished, during which, fifteen holes 
had been bored in the highest parts of the rock. It was 
the first step towards success. In the following year greater 
diificulties were encountered, since it was necessary to 
commence on the point hardly above the surface of the 
water; but the experience gained was valuable^ and* a 
higher rate of remuneration gave additional encourage- 
ment to the fishermen; the season was favourable, sixteeu 
landings were effected, eighteen hours of work accom- 
plished, forty new holes bored, and they even succeeded 
m partially levelling and preparing the work for the first 
course of masonry. 

The construction, properly so called, was undertaken 
in i86<). The. galvanized wrought iron gudgeons, o\o6 
square and t metre in length, were fixed in the holes, and 
the masonry was commenced with small undressed stoae 
and Parker-Medina cement. In fact, a cement of the most 
rapidly hardening character was essential, for the work 
was carried on in the midst of waves breaking over the 
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rock, and which sometimes wrenched from the hand of the 
workman the stone he was about to lay. An experienced 
sailor, with his back against one of the iron stanchions , 
was always on the watch, to give warning of such waves 
as were h'kely to sweep the rock , when the men would hold 
on, head to the sea, while it washed over them. On the 
other hand, when he announced a probable calm, the work 
went on with great rapidity. All the workmen were sup- 
plied with life-belts, as the fishermen had been, as well 
as with spikes, to prevent slipping. The conductor also 
and the engineer, who by bis presence always encouraged 
the workmen, were similarly furnished. 

Every opportunity presented by an exceptional state of 
the sea was embraced , and a small steam sloop , carrying 
the workmen and the quantity of materials for the work 
of a tide, started from the island so as to arrive in sight 
of the rock at about four hours of ebb. But there was not 
always the calm weather calculated upon, and the day 
was sometimes lost. When a landing was practicable, the 
stones and small bags of cement were landed by hand , 
and care was taken to dress the surface of the masonrv 
before commencing a new course. It is unnecessary to 
add that the cement was employed pure, and mixed with 
sea-water. 

At the close of the season of 1869, twenty-five cubic 
metres of masonry had been executed, and these were 
found intact the following year. 

At the present date, the cubic contents of the masonry 
are & 5 A"*, 8 5, rising to a level of s'^yGo, above the highest 
tides. The success of the undertaking may therefore be 
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looked upon ae assured, aud at this t»iage, Uic work uiay 
be expected to advance more rapidly. 

Since 1871, Portland cement has been substituted (or 
Parker, the resistance of the former to the decomposing 
action of sea-water being ascertained to be superior to 
that of the latter; and the stone-work at the foot of the 
building will be preserved by refilling the interstices, and 
perhaps by a continuous covering of the same material. 

From experiments upon the cohesive qualities of the 
mortar and the stones found in the vicinity, it was observed 
that the amphibolic or hornblende rock of Kersanton was 
superior in this respect, as in many others, and it was 
therefore exclusively employed in the execution of the ma- 
sonry. The facing stones are scappled, while those for the 
filling in are as they come from the quarry, and all are of 
small dimensions. The galvanized wrought iron gudgeons, 
tie-bars,. and bands, are deeply embedded in the stone- 
work in order to prevent disjunction. 

According to the project recently adopted, the light will 
be of the second order, with a flashing light, and the focus 
will be elevated a 8 metres above the level of the highest 
tides. This limit might have been exceeded, so as to admit 
of a light of the first order, but for the insufficiency of the 
base , and it was necessary above all things to ensure the 
stability of the edifice. The solid part constituting the base- 
ment will be continued with the diameter of 7"',30, up 
to the level of high tides, and with tliat of 6'",90 for the 
three following metres. The limited extent of the rock 
necessitates these small dimensions. The interior diameter 
will vary from 3 metres in the lower to 3"',/io in the upper 



LIGHTHOUSE OP AR-MEN. 



3^3 



part, by meaQS of succeasive off-sets, and the thickness of 
the wall will diminish from i'",70, level with the entrance 
door, to o^'^So below the cornice of the capping. There 
will be eight stories in the edifice, one of which will be 
devoted to a sounding apparatus to indicate the position 
of the lighthouse during a fog. 

The annexed table, while reproducing some of the 
figures already given, shows the principal facts relating 
to the works execufed, commencing from 1867. 
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This work was conceived and planned in what is es- 
sential by M. L^once Reynadd, director of the Lighthouse 
service. In the first instance, it was carried on under the 
direction of M. Planchat, engineer in chief, and afterwards 
under that of M. F^noux, engineer in chief, by MM. Joly, 
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from 1867 to 1868, Caurn, from 1869 still i87&,and 
Mbngin, from 1876. MM. Lacroix, principal conducieur, 
andpR0BB8TBAD, conducteur, bave been successively charged 
with the superintendence of the works. 

It is to be regretted, since it would only be an act of 
simple justice, that to this list cannot be added the names 
of those brave sailors and Breton workmen, who, uncon- 
scious of their claims to admiration , have , by dint of energy 
and earnestness of purpose, ensured the success of an en* 
terprise, bolder and, it might be said, more rash than any 
preceding undertaking of the same nature. 



XLVII 
TURRET AND CANDELABRUM 

FOR PORT LIGHTS. 



Two models on a scale of r?. 



10' 



The arrangements of this turret are such as to realise 
a mode of construction at once simple and economical, 
and offering at the same time great facilities for transport 
and erection. 

It rests upon a cast iron plate in a simple piece, and 
is attached hy five holts either to masonry or to the frame- 
work of a jetty. 

It consists of a riveted sheet-iron cylinder, i",&o in 
diameter and 6''^/io in length, with striated sheet-iron 
stairs inside, supported by a cast iron pillar or newel, and 
riveted to the cylinder by means of angle-irons. The cyl- 
inder and stairs form one, and are not taken to pieces. 
The length does not exceed the limit specified in the rail- 
way tariffs of carriage, and is easy to manage and raise, 
bv means of a winch. 

Cast iron flanges and brackets, bolted to the cylinder, 
support an open-work cast iron gallery with a wrought 
iron balustrade, and a cylindrical sheet iron cylinder which 
carries the lantern. These complete the turret, properly so 
called. 

The lantern is in bronze, it has cylindrical glasses, and 
is surmounted by a copper cupola. 

At the base of the candelabrum, upon which is placed 



286 TURRET AND CANDELABRUM. 

the apparatus for lighting, a revolving cast iron, landing 
place enables the keeper to clean the glasses without ob- 
structing the passage of the stairs. 

The cylinders being placed in position by means of a 
winch, the other parts, which are comparatively light, 
are easily raised by a tackle suspended from a beam pro- 
jecting from the top and firmly attached to it by ropes. 

The weight of the turret proper, the foundation plate 
and upper part, is about 6,5 oo kilogrammes. 

The cost of the construction, including the lantern, 
glasses, and candelabrum supporting . the apparatus for 
lighting, is 9,900 francs, in Paris. 

The candelabrum enables a port light to be placed at 
the extremity of a very narrow jetty, where it can be 
hoisted to a height of 8 metres during the night, and 
locked up in a sheet*iron cabin during the day, till the mo- 
ment of lighting. 

This cabin bears two uprights in sheet iron , at the top 
of which is fixed a pulley mounted in a cast iron block. 

Two half-round wrought iron guide rods are held at 
the top by the side of the uprights by two iron arms, and 
at the bottom, by a table in sheet and wrought iron which 
projects outside the cabin. 

The apparatus is rolled on to this outer table, when it 
is necessary to hoist it, and is provided with ears which 
run on the iron guides during its ascension. 

The front of the cabin facing the service table and 
the guides is pierced with an aperture sufficiently large 
to admit the lantern, and is closed by two shutters open- 
ing inwards. 
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Above this aperture, and inside the cabin, is the little 
cast iron winch, with brake, round which winds the chain 
for hoisting. 

An interior table receives the apparatus when not in 
use, and is terminated by a cast iron turning table or pla- 
teau, intended to facilitate clearing. 

The opposite side of the cabin is pierced by an aper- 
ture, with a door fastening with lock and key. 

The interior is lighted by two lateral windows and by 
a round hole, pierced in the roof, and glazed. This allows 
the ascent of the lantern to be watched, and also to be 
assured that it is lighted. 

The weight of the cabin is about 1,000 kilogrammes, 
and the price, all accessories included, 1,680 francs, in 
Paris. 

These two little constructions have been adopted by the 
Lighthouse board of direction. 

They were invented and are manufactured by M. L. 
Sauttkr, Lemofimbr and Company. 

M. Baillet, foreman. 
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LIGHTING APPARATUS. 



f. Apparatus far dectrU light. — An iatermittent light. 
s\i half-minute intervals, is intended to be produced by 
this contrivance, through the medium of electricity. It com- 
prises a fixed light apparatus , o",5o in diameter, illumi- 
nating three fourths of the horizon^ around which cylinder 
composed of sixteen vertical lenticular elements, o'^^Ss in 
diameter, revolves once in eight minutes. 

In the profile of the fixed light apparatus, the central 
dioptric part occupies vertically an angle of 76 degrees, 
which is greater than in the former profiles. This arran- 
gement has been adopted in order that the luminous ra- 
dius should meet the last dioptric element, at the same 
angle as the first catadioptric ring, and suffer no more loss 
by reflection in the one case , than in the other. The appa- 
ratus being placed in an elevated position , the profiles of 
the different parts , except those of the two lower catadiop- 
tric rings, have been calculated so as to direct the emerging 
rays 3o minutes below the horizontal plane. In the cal- 
culation of the two lower rings, this angle has been car- 
ried to 3 degrees for the last ring but one, and to 5 de- 
grees for the last, so that the light should be visible for a 
short distance, that is to say. to a navigator in a position 
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below the diverging coliection of rays emitted by the re- 
mainder of the apparatus. 

The 1 6 vertical lenses are close to each other, and each 
is composed of a single element; about o"",! a in breadth, 
the curve of which has been calculated so as to give, with 
the electric light, a horizontal divergence of 3% 7. Accord- 
ing to this arrangement, the light appears for 5 seconds, 
and the interval between the end of one flash and the com- 
mencement of another is 9 5 seconds. 

The maximum intensity of the light approximates to 
nearly 60,000 burners, supposing an electric light with 
900 burners at the focus. 

9. Apparalm ofiJie third order, — This presents a type 
entirely new. For the space of half a minute it is a fixed 
white light, while during the other half, eight flashes suc- 
ceed each other at intervals of 3 j seconds. The difficulty of 
giving to each light a distinctive character is augmented in 
proportion to the increase in the number of lighthouses. 
Into the programme of 1896, the Commission had only 
admitted three diflerent characters for lights of the first 
order, viz. the fixed light, the intermittent, with minute 
intervals, and the intermittent with half-minute intervals. 
They had also retained the system formerly in vogue in 
the vicinity of Havre, consisting of two lights, side by 
side. One character, that had been previously reserved for 
lights of the second and third order, has been latterly as- 
signed to some of the first; this is the light varied by 
flashes, at intervals of 3 or & minutes. Another system re- 
cently adopted, under the name of flashing light, consists 
in flashes rapidly succeeding each other, at intervals of a 

«9 
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few seconds. Finally, the aid of colour ha$ beeo called ld 
to form new distinctive characters, such as the fixed white 
light, varied by flashes of red; the intermittent light with 
alternate flashes of red and white, and the intermittent, 
with two white flashes succeeding one of red. Other com* 
binations have also been adopted for lights of the second 
and third order, as, the fixed red, the inl^mittent red, 
the light alternately white and red, intermitting or not. 
This enumeration shows how much ingenuity has been 
taxed in order to vary the appearances of lights. 

The choice of a distinctive character for the new light 
upon the rock of le Four, in the vicinity of Brest, gave 
rise to some perplexity. On that coast the li^ts are veiy 
numerous , and the greater part of the characters in use 
are found there. It must also be remarked, that it is not suf- 
ficient to create a difference between two lights , by means 
of a merely subordinate detail ; on the contrary this diffe- 
rence ought to he strongly defined , so that no chance of 
confusion may exist. 

This conviction induced the adaption of a combination 
never before applied, vit. the light described above as 
alternately fixed and flushing. 

The lighting apparatus is of the third order, and is 
1 metre in diameter. It consists of two difierent parU, 
each occupying half the circumference. The first part is 
an ordinary fixed light apparatus, while the second com- 
prisoji eight complete annular panels, each occijqpying -77- ^^ 
the circumference , and calculated to produce eight flashes 
of light. 

The revolving part is placed in the socle , and i$ fitted 
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With the machinery requisite for producing a rapid move- 
ment. The rotation of the light of le Four is accomplished 
in one minute. 

The lamp has a clockwork movement, and a burner 
with three wicks , arranged to burn mineral oil. 

The lamp has an intensity of i4 carcel burners: that 
of the fixed light is 2 d o , and that of one of the flashes 
attains g3o in the axis. 

The price of the apparatus, including lamps and ma- 
chinery, is 17,800 francs. 

3. Apparatus of llw second order (a drawing of the entire 
apparatus and an annular panel of y). — This apparatus is 
intended for the lighthouse of Pilier, situated at the em- 
bouchure of the Loire, the tower of which has just been 
reconstructed. The description of light adopted in 1899 
is still employed, viz. a fixed light varied by flashes 
at intervals of U minutes. This apparatus consists of a 
fixed light, the two opposite sectors of \ of the horizon 
are replaced by complete annular lenses, and it revolves 
once ia 8 minutes. In order that the two kinds of lenses 
may join properly, and that one common rack should serve , 
the focal distance, which is o°',7oo for the lenses of the 
fixed fight, has been reduced to o'",6&7 for the annular 
lenses. The focal lamp has five concentric wicks, instead 
of four, the usual number for lamps of the second order, 
because the colour of the light being red in certain direc- 
tions, it was considered expedient to increase its intensity. 

Several new arrangements are presented by this appa- 
ratus, some of which are applied for the first time. 

1 . In the central or dioptric part , the joints separating 

>9- 
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the elements, and consequently the lower sides of these 
elements, instead of being horizontal, are inclined in the 
direction of the refracted ray. Several advantages result 
from this system : it dispenses with a triangular part of 
the glass, which is of no use, and thereby lessens the 
weight; the loss of light occasioned by the horizontal 
joints is greatly reduced; the exterior angles of the lenses 
are not so sharp, and consequently less fragile, and in 
addition, they do not project so much, which allows a 
greater height to the dioptric lens. 

9. The central or dioptric lens embraces a vertical angle 
of 76 degrees, while in the former profiles this angle was 
only about 60 degrees; so that the height is increased 
from o"',85 to i",io. By this means, the luminous rays 
meet the last dioptric element at the same angle as the 
first catadioptric ring, and suffer no more loss by reflection 
in the one case than in the other. 

3. The profile ordinarily used had been calculated for a 
burner with three wicks and a diameter of 7 4 millimetres. 
But in the case of a burner with five wicks and a diameter 
of 110 millimetres, the lower elements of the dioptric 
lens and the lower catadioptric rings, constructed accord- 
ing to the former profile, emit rays which are no longer 
parallel to the optical axis, because the portion of flame 
left visible by the base of the burner is nearer the lens than 
in the case of a burner with three wicks. To obviate this 
defect, the burner was arranged in divisions or stages, by 
placing each wick 9 millimetres below the one preceding 
it. This plan diminishes neither the regularity nor the in- 
tensity of the flame, and the portion visible from each of 
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the lower lenticular elements is somewhat augmented. Be- 
sides, for each of these lower elements, a particular focus 
has heen calculated , taken in the most brilliant line of the 
visible part of the flame, instead of being in the axis of 
the lamp. Similar arrangements might be advantageously 
adopted in many instances. 

ti. The central lens and the lower rings are contained 
in the same frame. The upper rings are mounted in a se- 
cond frame, and separated from the first by a metal cross- 
piece. In the annular lenses, this cross-piece takes the 
form of an arc of a circle, having, like the rings, its 
centre on the optical axis, and it follows that the rings 
may be left intact, instead of cutting them as was for- 
merly done. 

5. The lamp in the focus of the lens exhibited oflers 
some peculiarities of arrangement, due to M. D^n^chaux, 
engineer at the central depdt of lighthouses. The skin val- 
ves and the leather claks have been replaced by ordinary 
pistons and metallic claks, the former being liable to fre- 
quent derangement. This method has given satisfactory 
results in some experiments, but has not yet received the 
sanction of practice. 

With mineral oil lamps with five wicks having an inten- 
sity of 36 carcel burners, the fixed light apparatus pro- 
duces an intensity of 6/io, and the annular lenses give a 
brilliancy of 5,ooo burners. 

4. Twinkling catoptric light. — Many lights of direction 
having to illuminate an angular and limited space only, 
are provided with a simple parabolic reflector. These are 
fixed lights. But in certain cases it is possible to con- 
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found them with lights in the vicinity, and even with lights 
on board ships at anchor. This difficulty has been over- 
come, without changing the apparatus, by means of a 
screen , passed rapidly and at equal intervals before the 
reflector. This system was applied for the first time, in 
i865, to the lighthouse of Patiras (Gironde), and mari- 
ners having expressed themselves satisfied with the results, 
it has been employed at various points of the coast, since 
it possesses the double merit of being at once charac- 
teristic and economical. 

The apparatus exhibited consists of a parabolic reflector 
of o",5o aperture, and a vertical screen to which a small 
revolving mechanism imparts a circular motion. 

The light is fixed, but varied by very short eclipses 
succeeding one another at an interval of four seconds. 

5. Catoptric apparatus for a light of direction. — This 
apparatus consists of a parabolic reflector, o",5o in 
breadth, and is lighted by a mineral oil burner with two 
wicks. There is no mechanism attached to the reservoir, 
as the oil ascends to the burner by the effect of capillarj- 
attraction. The form of the reservoir is that of a cylinder 
o",9 in diameter, which is placed behind the reflector, 
and communicates with the burner by means of a bent 
tube fitted with a three way cock. Its contains 3 7 litres up 
to h centimetres below the burner. The consumption being 
at the rate of 1 7 5 grammes per hour, the lamp can bum 
for sixteen hours , during which time the level of the oil 
lowers about 10 centimetres. The whole apparatus is 
established on a circular iron plate, fitted with rollers, 
and capable of being turned, in order to facilitate the 
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working. An iron set-boit holds it in tbe ponition required* 
The reflector is fixed to the side of the lamp by a hook, 
which also supports the obturator by means of a rod. 

The luminous intensity of the lamp is equal to about 
6 \ burners; that of the reflector equals nearly &oo bur- 
ners in the axis, and it diminishes from each side to an 
angular distance of 1 7 degrees. 

6. Apparatus for iemporarii Ughi. -— This is intended 
to serve provisionally, during the repairs of an eiisting 
Ugfathouse, or in Uie interval previous to the definitive 
establishment of a new lighthouse. The arrangements are 
siioh as to admit of producing at discretion the different 
characteristics of coast lights. 

It consistB of a fixed light apparatus, o",375 in dia- 
meter, capable of illuminating three fourths of the hori- 
2on, and a drum i>r cylinder wilh eight vertical leases, 
o'^^&o in diameter. The lantern is circular and has an exte- 
rtor diameter of o'*,8« . The pedestal, o",&5 in diameter, 
contains a mechanism for imparting a rotary movement 
to the drnm« The dimensions of the different constituent 
parts are upon a scale as moderate as possible , to facili- 
tale carriage and to enable it to be mounted upon the 
eilerior gallery of a lighthouse under r^air, or upon a 
temporary frame-work. 

The revolving mechanism is capable of giving three 
differeni degrees of speed to the cylinder^ and this is 
effected by disconnecting gear» The vertical leases slide 
into the grooves of the frame, so that they can be taken 
out or put in, according to the character of the light re- 
quired. They are formed of two paiis soperpos^, each of 
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which is furnished with a litde frame, into which a col- 
oured g^ass can be inserted if necessary. The focal lamp 
has a lower reservoir without mechanism , and a burner 
with two wicks for mineral oil. It carries a plain or col- 
oured glass chimney, according to circumstances, and 
can be replaced by a lamp with one wick, if only a mo- 
derate intensity is required. 

With this apparatus can be produced : 

A fixed white or coloured light, by removing all the 
vertical lenses the mechanism also, and placing a plain 
or coloured glass chimney upon the lamp. 

An intermittent light, with minute or half-minute in- 
tervals, or scintillant light, by retaining all the vertical 
lenses and causing the machinery to move at one of the 
three degrees of speed; 

An intermittent light, with alternate flashes of white and 
red, or red and green, by placing red or green glasses 
before a certain number of lenses, in the order indicated 
by the character of the light; 

A fixed light, varied by flashes preceded and followed 
by eclipses, by retaining one of the vertical lenses, or 
several equi-distant from each other, and by adopting one 
of the three degrees of speed according to the time ne- 
cessary to produce the interval between the flashes; 

A fixed light, varied by flashes without eclipses, by 
removing half of each of the vertical lenses, and adopting 
one of the three degrees of speed. 

The luminous intensity of the lamp with two wicks 
being equal to 6 ^ burners, that of the fixed light equals 
/jo , and that of the flash , aoo burners. 
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Numbers 9,3, and 4 , were executed by MM. Henry- 
Lepautb. The electric light apparatus was set up by 
MM. L. Sautter , Lemonnier and Company. The temporary 
light by MM. Barrier and Fensstrb. All these gentlemen 
are lighthouse constructors in Paris ; number 5 was made 
by M. LucHAiRE, constructor of lighting apparatus , in Paris. 

The plans of these apparatus were drawn up by 
M . £mile Allard , engineer in chief « des Ponts et Ghaus- 
s^es79y under the direction of M. L^once Reynaud, inspector 
general. 

The glass comes from the manufactory of Saint-Gobain. 



XLIX 
LAMPS AND APPLIANCES 

FOR 

THE ILLUMINATIOI^ OF LIGHTHOUSES WITH MINERAL OIL 



Up to a comparatively recent date, the lighthouses of 
France, like those of most other countries io Europe, 
were illuminated by colza oil. But when mineral oils 
began to come into general use, the French government 
hastened to profit by the advantages offered by this new 
combustible. From i856 various trials were made with 
shale oil, and the results were satisfactory, in lamps with 
one wick. In i865 this oil was used in almost all the 
beacon lights on the coast, but its employment in lamps 
with several wicks was interdicted, on account of the in- 
flammable nature of the vapour, when, in 1868, captain 
Doty, an American citizen, brought into notice a lamp 
burner with four wicks, in which he burned mineral oil. 
He introduced, at the same time, a product called Scotch 
paraffine oil, which possessed a valuable advantage, in as 
much as the vapour emitted therefrom only became in- 
flammable at a temperature of 60 or 70 degrees centi- 
grade, while in point of luminous intensity the results 
were excellent. After a series of experiments, prosecuted at 
the central D^p6t and in some lighthouses, this oil was 
generally adopted, and introduced into all the lighthouses 
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on the French coast, with the exception of the floating 
lights, which continue to burn colza oil. Latterly, some 
French manufacturers have succeeded in obtaining pro- 
ducts fulfilling the same conditions as paraffine oil, and 
which appear to be, in some respects, even preferable, 
while they are lower in price. Since the i** January last, 
the mineral oil employed in the lighthouses of France, 
has come from the manufactorv of M. Deutsch, near Pa- 
ris, and its cost is 79 centimes per kilogramme, delivered 
at its destination. 

The adoption of this new light producing element was 
accompanied by a remarkable diminution of expense, and 
it was considered expedient that a portion of the money 
thus economised should be employed , for the interests of 
navigation, in augmenting the luminous intensity of the 
various apparatus. This idea was carried out, and the 
lamp burners in the different orders of h'ghthouses were 
enlarged so as to receive another wick, and advantage 
was taken of the necessity of reconstructing them , to inau- 
gurate a unifoim system of wicks , by giving the same dia- 
meter to those of each row, commencing from the centre. 

The burners exhibited have from one to six wicks. Five 
are allotted to the five orders of lights, while the burner 
with six wicks is reserved for exceptional cases. The exte- 
rior diameter of these burners increases o"*,09 from o",o3 
to o",i3. Each wick is contained between two thin cop- 
per cylinders o"',oo5 apart, and is separated from the 
next wick by an annular space of o",oo5, to allow the 
passage of a current of air, the thickness of the metal 
being taken from the side of the wick. The average dia- 
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meter of the wicks thus varies regularly from o'",02 5 to 

0™,135. 

The burners with one and two wicks can be employed 
in ordinary lamps at a constant level , such as the two mo- 
deb eihibited by the side of the other burners; but they 
are often used in lamps having a lower reservoir without 
mechanism, and in which the oil ascends by capillary 
attraction. The first lamp of this kind was called the Maris 
lamp , from the name of the constructor, and it has been 
successively modified and improved at the Lighthouse 
D^pot. The one in use at the present time, and of which 
two models are exhibited, consists of a cylindro-conical 
reservoir, placed in as close proximity as possible to the 
mass of oil in the top of the burner, without obscuring the 
luminous rays sent by the flame towards the lower rings 
of the optical apparatus. This reservoir contains 1 9 deci- 
litres for lamps with one wick, and 3 litres for lamps 
with two wicks. 

The burners that have from three to six wicks are used 
in the old lamps having a clockwork movement or an in- 
side weight. The lower part of each burner is screwed on 
to the tube by which the oil ascends. The oil then reaches 
the small shallow cylindrical reservoir that forms the bot- 
tom of the burner. In the lamps which formerly burned 
colza oil, this reservoir communicated directly with the 
annular envelopes of the wicks, by means of vertical 
tubes, and the superfluous oil flowed over the burner and 
down into the body of the lamp. This system cannot be 
applied to mineral oil, the level of which must be kept 
o",o4 or o'",o5 below the top of the burner. For this reason 
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M. Doty had adopted a different combination. A large 
oil reservoir, in which the level was permanently main- 
tained by the ordinary contrivance known as Mariotte's 
vase, communicated with the burner bv a tube that could 
be placed at a greater or less distance, and of which the top 
was fixed at the desired height above the constant level. 
This arrangement gave fair results and suited very well 
for experiments , but was evidently inadmissible in a prac- 
tical point of view. M. Doty then entertained the idea of 
adapting to the ordinary lamps a lateral tube communi- 
cating with the burner, and open at the upper part to a 
proper level. The superfluous oil flowed through this 
orifice , and returned into the body of the lamp by a tube 
surrounding the first one. But the sole object of this lat- 
eral appendage being to maintain the constant level, it 
might be advantageously replaced by any orifice in the 
interior of the burner, affording an outlet for the oil at 
the desired level. The first lamps were therefore made 
with a tube placed in the axis of the current of interior 
air, communicating at the bottom with the interior of 
the burner, and open o",o4 or o",o5 lower than the 
lop. These burners gave good results in the experiments 
at Ihe D^pot, and were applied in several lighthouses. 
It' was admitted that they acted well, so long as the 
mechanism of the lamp was regular in its movement, 
but if the slightest irregularity occurred , or any inequal- 
ity presented ilself in the pump valves, then the ascent 
of the oil was subjected to variations more or less abrupt, 
and these variations had a very appreciable action upon 
the flame, which then became difficult to regulate. To ob- 
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viate this inconvenience , it was necessarv to cut off the 
direct communication bv which the oil ascended to the 
wieks, and to make it pass first by a lateral appendage 
disposed so as maintain a constant level. M. D^n^haux, 
principal conductor, performing the duty of resident en- 
gineer, invented the arrangements of this appendage 
which consists of three tubes placed close together, open 
at the top , and surrounded by a covering a little higher. 
The bottom of the central tube communicates with the 
little reservoir before mentioned; the oil, having no other 
issue, ascends by this tube, and falls from the top into 
the second tube, which takes it to the burner, in this 
manner filling the interior up to the level of that in the 
lateral appendage. Now as the quantity of oil furnish- 
ed by the lamp, exceeds the consumption, the super- 
fluity flows into the third tube, over a waste pipe, a little 
higher than that by which the oil reaches the burner. 
This third tube carries the overflow oil to the large reser- 
voir of the lamp, and also receives, by a small lateral 
pipe, the droppings of the cup which forms the base of 
the burner. A horizontal disc o'^yOao in diameter sur- 
mounts the central air-tube which is between the burner 
and the chimney at a distance of o'^fOiy to o^'yOfiS, ac- 
cording to the size of the burner. On this exterior cylin- 
der the chimney-holder slides. Satisfactory results are ob- 
tained from burners thus constructed. The flame is easy 
to regulate and the form remains steady without being 
subject to oscillation. 

Bubbles of air that may have been drawn in by the oil 
escape by the lateral tube, and no longer interfere with 
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the regularity of the flame^ Supposing that , from some 
cause or other, the mechanism of the lamp be momen- 
tarily deranged, the (tame will not be immediately extin- 
guished, since the lateral appendage forming a reservoir 
supplies for some instants the oil necessary for combus- 
tion, and allows the Occident to be remedied. Another 
advantage of this system is, that the superfluous oil no 
longer passes into the air tubes , thereby diminishing the 
section, and not having been in contact with the wicks, it 
has lost nothing of its quality, and differs in no respect 
from the reservoir oil with which it mingles. 

It may be useful to remark that all the lamps, with the 
exception of those which have a lower reservoir without 
mechanism , are arranged to burn colza oil in case of need , 
or if any cause should again necessitate its use in a light* 
hottse. 

This result is attained by raising to a proper height 
the reservoir of the uniform level lamps, by means of a 
notch in the covering, and for lamps of the three first 
orders, by closing the upper orifice of the lateral appen- 
dage, as well as the tube by which the overflow oil des- 
cends to the reservoir; this obliges the oil to ascend to 
the top of the burner, and to overflow. 

The following table enables a comparison to be insti- 
tuted between the former system of lighting, and that 
used at the present day. These figures show the advan- 
tages derived from the use of mineral oil in France , both 
as regards the interests of navigation, and those of the 
public Treasury. 
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ffiuriier of ijg^U. 



Comumption 

of 
miDeral oil 



per lamp aod per hoar. 

for all Ihe lighla and 
per year (A,ooo h.). 



Goal of mineral oil at o' 79 per kilog. . . . 

ConaampUoD ( p«' l*mp aod per honr. 

" < for all the lighU and 
per year 



of 
eolia oil 



Coal of eolia oil al 1' &i per kilog. (ater^ 
■g« price) 



Inteontj 

wilh 

mioeral oil 

lolcnfity 

with 
colia oil 



per lamp. 
toUl 



per lamp, 
total.... 



I" 

OKDBK. 



1^000 



168,000^ 



0^760 
1*7,680^ 



36 
i5ia 

tS 

966 



2- 

OBDM. 



0^645 
i5,48o^ 



o^Soo 



t tfOOO' 



90 



OBDBI. 



81 



0*870 
A5,88o* 



0*175 
at, 700* 



443,3 
5 



4* 

OBDBI. 



83 



0*176 
a 3, too* 



o*tio 



i&,5ao* 



6,9 

••7»7 

3 
99 



6'* 

OBDBB, 



TOTAL. 



bS« 



o*o55 
5S,g8o* 3o8,3k' 



a43,S89' 



0*060 

60,960* jtsejfo' 



t,a 

5S8,8 

1,6 
4o6,4 



357,6S9' 



a885,S 



I7t6,i 



Thus, the cost, which is q AS, coo with mineral oil, 
would amount to 35^,000 francs with colza. There is 
therefore a diminution in the ratio of i to 0,68, i. e. 
nearly one third. To this must be added the difference 
in luminous intensity, the sum of which with mineral oil 
lamps is 2886 burners, while it woulcj be only 1716, 
with colza lamps. The total intensity is augmented in 
the ratio of 1 to 1,68, i. e. more than two thirds. The 
total saving effected by the use of mineral oil is repre- 

sen ted by -^ ^ 3,0 5, that is to say, that for the same 

outlay, between two and three times as much light is ob- 
tained. 

It should also be remarked that, the diameters of the 
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burners of each order having been increased, the bori- 
zontal divergence, and consequently, the duration of 
luminous appearances or flashes in revolving lights, is 
much greater than formerly. This augmentation is more 
than a fiftli in the two first orders, and more than a half 
in the third. 

A small mineral oil lamp with a circular wick, o",oi5 
in diameter, burning 30 grammes of oi( per hour, and 
giving an intensity of nearly two thirds of a burner, is in- 
tended for the service of the keepers, and is employed in 
a few lanterns, where a great range is not required. 

Two of the burners exhibited come from the works of 
MM. Barbier and Fbnestre; two others are from the esta- 
blishment of MM.' Henry-Lepaute. The lamps and burners 
with one and two wicks were made by M. Luchaire. 

By the side of the lamps and burners just described, is 
a series of seven plain chimneys which correspond to 
them. There are also the different coloured chimneys used 
in the Lighthouse service. 

The instruments for testing mineral oils are contained 
in a box. They consists of two densimetres, an apparatus 
with a spirit lamp, to heat in a water-bath the oil about to 
be tested, and a thermometer to try the temperature of 'the 
oil. A light held above the orifice by which the vapours of 
the oil escape, indicates the moment when they become in- 
flammable, and the thermometer shows the temperature of 
the oil. These instruments are furnished by M. Luchaire. 

The*oil-can used for mineral oil is cylindrical in shape, 
and movable round an axis nearly in the centre. It is 
usually held in a vertical position; the upper part is 
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slightly conical, which allows it to be easily filled. When 
used, it is held in a slanting direction, and the cock aixl 
air-hole are both opened. Afterwards, the vertical {losiiion 
is resumed, and no leakage can occur from the corb. 
This oil-can is made by MM. Rarbibb and Frnestre. 



I. 



BUOYS AND BEACONS, 



Modnls. 



Ordinary buoys. - — The greater part of the buoys on 
our coasts resemble one or other of the types numbered 
1 to 5«>The first four represent beacon buoys, the fifth is 
a mooring or anchorage buoy. 

Sheet-iron is more expensive than wood for the mate- 
rial, in respect of the first cost of placing, but it is more 
durable. Also the maintenance of sheetnron buoys is less 
burdensome, and they are more easily adapted to different 
shapes. 

The spherical form has been adopted for the submerged 
part of beacon buoys, because it is that which, the sur- 
face being equal, embraces the largest volume, and con- 
sequently reduces to a minimum the surface not visible. 
Provided that its centre of gravity is a little below that of 
the sphere, the float will remain steady, and this condi- 
tion is easily fulfdled by means of properly calculated 
ballast. In short, the spherical form offers less resistance 
to the waves than the majority of those that have been 
adopted, and it is easily made at all the great iron works. 

The upper part is in the shape of a truncated cone, 
the top of which is replaced by a disk or signal of various 
descriptions. The object of this nppendnge is to augment 
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the range, and especially to give a distinctive character to 
the buoy, which may assist in discrtminating the colours 
and inscriptions. 

The body of the buoy is divided into two parts by a wa- 
ter-tight partition, so that if broken into, by the shock of 
a vessel, or injured so as to cause leakage, it would still 
float. A vertical tube, closed at the upper end by a screw 
plug, allows the water to be pumped out of the lower 
compartment. Two man-holes are formed in the buoy; 
one at the top, and the other in the water-tight partition. 

The mooring ring, to which the holding chain is at- 
tached , forms part of the mass of forged iron that consti- 
tutes the bottom of the buoy. This is in the shape of a 
spherical cap, and to it are riveted the sheets of iron com- 
posing the lower part. 

The ballast consists of several movable cast*iron plates, 
bolted solidly together. Its weight does not exceed 760 ki- 
logrammes, in the heaviest buoys, and is reduced accord- 
ing to the depth of the water and the strength of the 
current. Once properly regulated, the buoy preserves an 
upright position in the ordinary state of the sea, and 
scarcely inclines to h 5** under the action of the strongest 
winds and cun*ents. 

A wale in elm wood encircles it at the point of greatest 
diameter, which is nearly level with the line of flotation. 
This wale is for the purpose of protection against the 
shocks of floating bodies; also against possible injury during 
transport. 

The forms of signal or sea-mark most generally adopted 
are the sphere, single and double cones with straight or 
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curved lines, rectangles, and triangles plain, or variously 
grooved or hollowed, crossing each other at right angles. 

The moorings usually employed consist of a mass of 
cast iron , of which the weight varies according to the power 
of the buoy , the%ndture of the bottom, and the violence of 
the currents. For small buoys, in places where the bottom 
is composed of 'sand, a weight of 3oo kilogrammes has 
been found sufficient, while in some parts it is necessary 
to increase this figure to 3,ooo. These moorings are in 
cast iron, and take the form of caps, with the tower face 
slightly hollowed, for the purpose of causing them to 
adhere more firmly to sandy bottoms; some are on a 
square, others on a circular plane. In certain cases, they 
take the form 4»f a mushroom anchor, specially for the 
stronger buoys moored on rocky bottoms. When it is a 
question of reducing as much as possible the swinging 
range of the float, or when the buoy is moored to a rocky 
bottom, where there areslrong currents, recourse is had to 
a cross mooring of two anchors with one fluke. In the basin 
of Saintr-Nazaire, the bottom of which consists of a floor of 
beton covered by a thin layer of mud deposited by the 
river, and where it was essential to avoid all projections, 
flat cast iron moorings were adopted for the anchorage 
buoys. The. weight of these moorings is estimated at 
5,3 So kilogrammes, and the side rings allow them to be 
lifted when it is necessary to change their position. 

A part of the chain, from 9 to 8 metres in length, ac- 
cording to circumstances, is fastened permanently to the 
buoy, and to the rest of the chain by means of a shackle. 
The shackle*bolt is elliptical in form, and is held fast by 
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one or two conical pins, the heads of which are covered 
with lead. The swivel is no longer employed , being use- 
less and liable to cause accidents , when the float is in the 
form of a solid of revolution. 

The models exhibited were planned by M. Luchaiib, 
ferbiantier*]ampiste in the Lighthouse service. 

N" 1 . Bell buoy, — The body of this buoy is surmounted 
by an iron armature , on which are fixed wooden laths o^^^o i 
in thickness , covered at the upper part by a sheet of iron. In 
the interior of the armature is a bronze bell with movable 
hammers, and on the top is fixed a sea->roark or signal, 
above which is a triangular prism fitted with mirrors. 
The covering does not reach to the feet of (he uprights, in 
order to allow free passage to the waves. The mirrors are 
framed in bronze, and serve to reflect the rays of the 
sun, or of the adjacent lighlbouse. The trunk of the 
buoy is d'^.&S in diameter by i^^^yo in height, and the 
top of the prism of mirrors is 4 metres above the line of 
dotation. 

The sheet-iron of the lower pail is o'°,oo9 in thickoess, 
while (hat of the upper part and of the water-tight parti- 
tion is only o'^^ooS. The ballast is 5oo kilogrammes in 
weight, when the length of the chain does not exceed 
10 metres, and the line of flotation is then about o",is 
above the lower edge of the wooden wale. 

The mooring chain is in wrought iron, o'^.oS&^and 
weighs a 5 kilogrammes per metre out of the water. 

The average weight of buoys of this kind may be reck- 
oned at a, 9 00 kilogrammes with the shackle, ballast not 
included. 
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They cost about 9»3oo francs, namely : 

Sheel and wroughl iron , i ,896 kilogrammes at 0^90. 1 ,7o6^^to 

Casi iron for ballaat, 5oo kilogrammes at o^t5. ... 1 95 ,00 

Bronze for be]i« mirror framing and pump collar, 

56 kilogrammes at 5^5o 397 ,00 

Wale in wood and laths 90 ,00 

Painting 81 ,60 . 

9,3oo^oo 

N" 2. Ordinary bnoy. — This buoy is 2", 3 8 in diameter 
by S^^ao in height of trunk. The top of the mark is 
/i metres above the line of flotation. 

The sheet-iron of the lower division is o'",oo9 in thick- 
ness, while that of the conical part and the water-tight par- 
tition is dicainished to o'^yOoS. The ballast is represented 
complete. It places the line of flotation t'^^^iS above the 
centre of the mooring ring, or o'^^iS above the lower 
edge of the wooden wale , when there are 1 metres of 
riding chain. 

The mooring chain is in wrought iron o'^yoSA. 

The average weight of this buoy is about 3,000 kilo- 
grammes, not including the ballast, but with the shackle. 
The cost is nearly 9,000 francs, viz. : 

f ,8Ao kilogrammes sheel and wrought iron at o^9o. 1 ,656',oo 

750 kilogrammes cast iron ballast at o^95 187 ,5o 

/i^',90 bronze for puitip collar and air lube at 5^ 5o. 98,10 

Wooden wale 60 ,00 

Painting, etc 70 ,00 

^976^6o 

This buoy is designated in the Lighthouse service as or- 
diniiry buoy xf 1 . 
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N** 3. A buoy of the same shape but of smaller dimen- 
sions, being only x'^^Sa in diameter by a'",5o in height 
of trunk, designated in the service as n^ 3. The sheet- 
iron covering is o°',oo7 in thickness in the spherical part, 
and o",oo4 above. 

The ballast complete is i5o kilogrammes in weight. 
The mooring chain is in wrought iron of o",o3o, and 
weighs 3 kilogrammes per metre. One of these buoys costs 
about I ,-000 francs, viz. : 

990 kiiogrammes wrought and sheet-iron at 0^,90. . 89l^oo 

1 5o kilogrammes cast iron for ballast at o^a5 37 ,5o 

&^',ao bronze «3 ,1 o 

Wooden wale 3o ,00 

Painting, etc 38 ,60 

j,oao^oo 

N° 5. Small huoy. — This is employed in all places 
where it is not necessary to have a very apparent shape, 
or where there is no great depth of water. It is i*",5o in 
diameter by a metres in length , carries no sea-mark or 
signal at the top, and is in sheet-iron o",oo6 below, and 

« 

o",oo/t above. It has no ballast, and the line of flotation 
is ©",76 above the centre of the mooring ring, when there 
are 10 metres of chain, and this line rises o",oo5 per 
metre of chain within suitable limits. 

The chain is in wrought iron of o'",oa5, and weighs 
1 i kilogrammes per metre out of the water, and ta kilo- 
grammes ill the water. 

A man-hole is contrived in the conical part, and an- 
other in the water-tight partition which is placed in the 
height of the wale. 



BUOYS AND BEACONS. 313 

One of these buoys weighs blio kilogrammes, and costs 
about Boo francs, shackle included. 

N** 5. Anchorage buoy. — This buoy has been made in 
various sizes; the one represented by the model is I'^ySo 
in diameter, and the same in total height. It is formed of 
sheet-iron o'^^ooG in thickness, the traction rod is o'^^oS 
in diameter and the tube which it traverses has only o°*,o8 
of opening; at the upper part there is a screw nut carrying 
a mooring ring, which is supported by the buoy, and 
presses the lower collar against the foot. There is no wa- 
ter-tight partition, and the man-hole is formed in the 
part submerged , in order to be protected from shocks. 

The chain is in short wrought iron links o",o3d. 

The weight of a buoy of this description may be reck- 
oned at 776 kilogrammes, and its price at 600 francs. 

Boat buoy. — Buoys in the form of a boat have the 
advantage of offering less hold to the current, and are 
easier to tow. The single inconvenience attending them is 
that they are more expensive. 

They are only used at points where the currents are 
very strong, and where it is necessary to have very appa- 
rent signals. 

The buoy represented by the model was executed in 
1861, from the drawings of M. Lefsbmb, engineer, by 
MM. JoLLET and Babih , constructors at Nantes , and since 
that period has been placed. to indicate the bank of la 
Lambarde at the embouchure of the Loire. It is 5'",35 
in length, 3"*, 9 5 in its greatest breadth and i",5o in 
depth of hold. The top is more than 5 metres above the 
level of the sea. The sheet-iron is o'",oo8 in thickness at 
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ihe bolioai and at the circumfereiice, and o'",oo5 at ihe 
upper part. The sheets are put together clinker fashion, 
on a slender framing formed of angle-irons 6*,o5 and dis- 
tant from each other o'^^GaS. A water-tight partition, per- 
pendicular to the longitudinal axis , divides the float into 
two independent compartments. A sheet of iron, o"',oso 
in thickness, is fixed vertically, following the same axis, 
by means of bands forming angle-irons on each side, and 
constitutes a powerful keeU the chjeci of which is to keep 
the buoy constantly upright to the waves. A ring in front, 
to receive a warping or towing hawser, and four handles 
on each side to aid shipwrecked persons in taking refuge 
on the buoy , complete the float, which has no ballast 

The float carries a frame principally comfOBed of eight 
wrought iron uprights, o'^yO&a by o'^^oaa, which bend 
before they join , in order to sustain , below their point of 
junction, a bronze bell weighing 70 kilogrammes, and 
above, the rod of a sphere 1 metre in diameter, surmounted 
by a mirror with six sides, the summit of which is &"',6o 
above the float. Thin bands of sheetr-iron o"^,ooio sur- 
round the uprights, to which they are riveted, in order to 
render the whole more apparent, and to make the regula- 
tion inscription easily visible. 

To fix the mooring chain, which is in wrought iron 
0*^,0^0, an eye is pierced under the float, in the triple 
thickness of die keei and ^e junction an^e-irons, a little 
forward, but sufficiently near the extension of the axis of 
the armature, which is itself perpendicular to the water 
line, so that, by reason of the weight of the chaiii, tlie 
inclination of the frame varies very iiltle with the height 
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of the tide. This eye is iitted with a steel ring, and car- 
ries the bolt with a screw nut and pin, riveted hot, of 
a shackle which is followed by a large link, and then by 
the end of a chain 7 metres in length, o'^jO&o. This end 
of the chain must be. considered as making part of the 
buoy, to which it is fixed on shore, and ought always 
to accompany it. At the lower part it carries a shackle 
which is itself linked to the tie. The bolt of this last 
shackle is elliptic, without projections, and held only by 
two conical pins , the heads of which are let in to the depth 
of a centimetre , and covered with lead driven by a heavy 
blow into a cavity in the shape of the trunk of an inverted 
cone. This system of mooring is combined so as to be 
able to place or change a buoy quickly and without dif-^ 
ficulty, even in heavy seas, and is the only one which, 
during an experience of several years, has never failed. 

This buoy weighs, everything included, /i,665 kilo- 
grammes, and has cost , at the rate of 1 ^, 1 o the kilogramme 
of wrought iron, 5,i3i^5o. 

Beacoti buoy. — Several reefs of the coast of Morbihan 
are indicated by buoys planned upon an entirely different 
system. They have the merit of being comparatively cheap, 
and easy to tow, and they are well adopted to all those 
points where it is not necessary to have a signal that can 
be seen at a great distance. 

The submerged part of the float is in the form of an 
inverted cone, i"*,35 in diameter and 9*^,16 in height, 
finishing with a cast iron cap, joined to the sbeet*iron 
by means of a wrought iron fretting. This cap is crossed 
by a square iron rod o"\o&, the extremity of which carries 
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a shackle to receive the chain which is in wrought iron, 
of o",o3. 

The lower cone is connected by a cylindrical length, 
o^'ffiS in height, with a trunk of a cone, joined at the top 
to another trunk elongated, whicK constitutes the signal 
of the buoy. These two parts are united by means of two 
angle-irons, between which is placed a partition, is made 
water-tight by an edging or washer of Indian rubber. 
The angle-irons are fastened w ith bolts , so that the signal 
can easily be separated from the buoy proper, when the 
latter requires inspection. 

A hole in the lower part of the buoy serves to empty 
the water, and is stopped with a wooden peg. For the be- 
nefit of persons in danger of drowning, two handles are 
fixed to the sides. 

The thickness of ihe sheet-iron, in the lower part, is 
0*^,005, and for the upper part or signal, o"',oo&. 

The total height of the buoy is 6 metres, and it rises 
3"", 90 above the surface of the water. Its maximum dia- 
meter, at the line of flotation, is i"*,35. The diameter of 
the signal is o"',57 at the base and o"',3/i at the top. 

This buoy weighs 800 kilogranunes , and cost 880 fr. 

It was planned by M. Gouezbl, conductor «des Fonts 
et Ghauss^es » at Belle-Ile. 

Beacon of Anttoch. — The rock of Antioch forms a part 
of a very dangerous reef in the navigable passage that se- 
parates the isles of R^ and Oleron , and is situated about 
one mile north-north-east from the point of Chassiron. 

Between 1811 and i856, nineteen ships, including 
a corvette belonging to the State, were wrecked on this 
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reefy which was only indicaled by a simpio iron beacon, 
not sufficiently apparent and frequently overthrown by 
the sea. The object of the present beacon was to remedy 
these deficiencies. 

This rock is almost always very difficult of access, and 
the construction of a beacon in masonry would have been 
a long and costly affair, it was therefore decided to have 
recourse to an iron frame-work. 

The beacon consists of four round standards in wrought 
iron, o*",! & in diameter, following the angles of the trunk 
of a quadrangular pyramid, solidly connected with each 
other, and with a round central pile in wrought iron , 
o"',io in diameter. 

The standards forming the angles of the pyramid, are 
A^jSG apart, from centre to centre, at the lower part, and 
a^jSo at the upper part, which is 7 metres above the rock. 

They are surmounted by a construction of the same 
kind, in the form of a square and 3 metres in heighL 

Finally, the whole is terminated by a pyramid 9",5o in 
height and crowned by a sphere i"',3o in diameter. 

For the purpose of rendering the edifice more appa- 
rent, all the upper part of the beacon is furnished with 
sheets of iron set in open work. 

The rock of Antioch is composed of Jurassic limestone, 
and does not possess sufficient firmness to hold the feet of 
the standards; it was therefore necessary to fix them, by 
means of wedges, in cast iron casings, let into the rock 
and laid in cemented stone-work. 

The top of the beacon is i3™,8o above the rock and 
lo^.iy above the highest tides. 
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The central pile is iittcd with ladder steps, which lead 
up to the base of the pyramid, in which a planking has 
been formed to serve as a refuge for the shipwrecked. 

The cost amounted to ;jo, 9 ''47*^,90, divided as follows : 

1 3,63/i kilogrammes forced iron at o^95, including 

painting in rod lead, selling up and taking U> 

pieces at tho iron works and carriage to a port 

in the isle of Wron 1 •}.,•] ty-a^lio 

1,976 kilogrammes cast iron at o^6o, everything 

included 1 , 1 85 ,()0 

Holes for uprights, erection and sundry expenses. . 7,000 ,00 

Total 20,9^7^90 



The plan was drawn up and executed by M. de Beadgk, 
engineer, under the direction of M. Lkclerc, engineer in 
chief «des Fonts et Ghauss^esT?. 

Most of the important beacons on the coasts of France 
are constructed in rough quarry stone with Portland, ce- 
ment mortar. 



SIXTH SECTION. 



ELEVATION 



AND DISTRIBUTION OF WATER 



AQUEDUCT OF ROQUEFAVOUR 

ON THE \R(:. 
(canal from the duranck to marsrillk.) 



Mod«l of the four first arches (left bank). — Scale u"*,o^ 

{Ofkii twenly-fifih). 

Model in W(K>d representing the «letail8 of the various machines 
employed in the construction. — Scale o'",io (one tenth). 

Drawing of the whole. — Scale o^jiof) (one two hundredth). 

This aqueduct was constructed for the canal from 
the Durance to Marseille, and is 398 metres in length; 
the maximum height above the base of the socles is 
8a",65, and the breadth at the top, A^.So. There are 
three stages of arches, of which the first comprises 
twelve arches of i5 metres span: the second, fifteen 
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arohcs of i() metres; iho third, fifty-three small arches 
of 5 metres. 

Height of lower stage, from baae of sode to fint platr 

form di"*, I o 

Height of intermediate stage, from one platform to the 

other 37 ,60 

Height of upper stage, from second plalform to top of 

parapet 10 ,90 

The piers arc strengthened by counterforts, the breadth 
of which they exceed by i"*,6o in the middle, and a me- 
tres in the lower stage. These counterforts extend from 
the socle up to the plinth of the upper stage, and are 
3 metres in breadth, in the height of the first stage. 
Their projection is o'",9 5 under the plinth, and o^fCS at 
the springings of the arches of the second stage. 

The piers have a diminution of o'",oo5 per metre in 
the middle stage, and o",o 1 5 in the lower stage ; they btp 
5 metres in thickness at the springings of the arches of the 
second stage, 6 metres at the springings of the first, 6'",57 
at the top of the socle, and y*", 9 o in the height of the socle. 
Their length is uniformly ^",85 in the middle , and 5",5o 
in the lower stage. The projection of the counterforts, in 
the direction perpendicular to the axis of the viaduct, 
increases from the top to the base, in the proportion of 
o*\o& per metre from the top to the second platform, 
o"',o6 between the two platforms, and o'",o8^ from the first 
platform to the base. 

The dimensions of the piers and counterforts are as 
follows : 
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At level of springinj^ of second slage 
of arches 

Beneath striag-course of o'",9o laid 
at this level 

At level of first platform 

At level of spHn^pngs of first stage 
of arches 

Beneath string-course of i metre ex- 
tending to this level 

At level of socle 

In height of socle 



BRKADTHS 



of 
ihe pior. 



S^oo 



5 ,00 
5 ,95 



6 ,00 

6 ,57 

7 ,90 



of the 

couDler- 

forU. 



LBTieTes 



of 
the pier. 



S^oo 

3 ,60 
3 ,65 

3 ,75 

6 ,00 
A ,57 
5 ,ao 



/i",5o 

h ,85 
k ,85 

4 790 

5 ,5o 

5 ,5o 

6 ,10 



oflbe pier 

aod 

the two 

couutcr- 

forU. 



5'",8o 

5 ,9« 

u 

10 ,90 

10 ,56 
i3 ,60 

\U ,90 



The great arches are 1 metre in thickness at the key. 
The small upper arches are i'",o5 at the key; their pillars 
are Ix metres in height, string-course included, 3 metres in 
thickness at the sp ringings, and a™,o5 at the base; the 
breadth of this stage between the heads is &*",5o. 

The trough is in brickwork, and has a breadth of a me- 
tres at the bottom, and s)'",3o at the top by 9"',/io in 
height with a gradient of o"',oo6 per metro. 

A small gallery with a semi-circular arch of 3*^,30 span 
is formed immediately above the extrados of the first 
arches, and below the first platform; and gives access to 
the work at this level, either in the gallery or on the plat- 
form, by means of openings made in the piers, 1 metre. by 
a metres. A similar gallery, 1 metre by 9",5o , not arched, 
is also established above ihe second row of arches, and is 



:) 1 



322 AQLfKDLCT OK UOQUEK AVOC K. 

comprised between their extrados and the level of the sec- 
ond platform. 

For carrying the materials, uprights were fixed at the 
four angles of each pier, resting on two horizontal beams 
resting on brackets, and staged every three metres in the 
height of the pier. These uprights supported a scaffolding 
to which they were joined by a system of ties, braces and 
struts, and on the upper beams of this scaffolding, a mo- 
vable winch was placed, capable of raising blocks of 
6 cubic metres, weighing as much as i5 tons. In pro- 
portion as a pier was raised 3 metres, it was necessary 
to raise all the parts of the scaffolding, the supports 
and the crane. By means of four jack-screws with screws 
of /i",5o placed at the angles of the pier, this operation 
was safely accomplished in less than four hours, includ- 
ing the placing of the screws in |)Osition , each of them 
weighing more than a tons. 

During their construction , all the piers were connected 
by a continuous railway, supported by a series of service- 
bridges between them. These were easily raised accord- 
ing to the elevation of the masonry. Two supplementary 
lines were also established ; one on the level of the pas- 
sage formed in the piers, and the other about n metres 
above it. They consisted of two beams thrown from one 
pier to the other, and strengthened by struts and uprights 
resting on the top of the centres. These arrangements 
allowed the piers and arches to be built at the same 
time, each division of the work having its lifting ma- 
chinery, etc. independently of the other. By this method 
nearly 9,000 cubic metres of masonry per month were 
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execuletl, and this work included the raising blocks of 
8,000 kilogrammes to a height of 70 metres. 

411 the piers are constructed in rough stone ; the beds 
and the perimeter of the vertical faces only are dressed, 
while the whole of each visible face remains rough. The 
total cube of the masonry is about 66,65o cubic metres, 
of which more than 5o,ooo are in rough stone. 

The pressure at the base of the piers is a 6'*,68 per 
square centimetre. 

The cost of the work, most of which was not performed 
by contract, amounted to 3,700,000 francs, about 
1 77 francs per square metre of elevation. 

This work was planned and constructed from 18&1 to 
18A7 by M. DB MoNTRicHBR, engineer in chief vdes Fonts 
et Chauss^es)). 
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BARRAGE WD RESERVOIR OF THE FdRENS 

ro-R 
THE SUPPLY OF THE TOWN OF SAINT-ETIBNISE. 



Model of the barrage. — Scale of o'",o i (one hundredth ). 
Model representing a nection of the two tunnels with Iheir lop 

and working appliances. 
Model. — Scale of o^^oS (one thirty-third). 

The town of Saint-Elicnne is situated in the valley of 
the Fiirens, the water of which serves for various purposes. 
In the first place, a culvert conducts it from the springs 
to the town, but this supply is inadequate to the task 
of watering the streets and flushing the sewers, and 
the deficiency reaches to nearly 600,000 cubic metres per 
year. In the second place, the Furens puts in motion a 
number of manufactories which require a delivery of 
35o litres per second, while the actual stream only gives 
from 80 to 100 litres in the dry summers, and does not 
exceed 000 litres on a yearly average. Also, the Furens 
may cause an inundation of the town of Saint-Etienne, 
but this rarely happens, and the discharge, even in the 
floods, does not exceed i5 cubic metres per second; 
nevertheless the bursting of a waterspout in the upper 
part of the valley, in 18&9, caused an abnormal dis- 
charge which attained tiu^ exceptional figure of 1 3 1 cubic 
metises, the inunflation of the town commencing at a de- 
livery of 93 cubic metres. 
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The works undertaken had thus a threefold end in 
view : 1. to preserve the town from inundation, in case 
of the recurrence of phenomena similar to that of 18/19; 
a. to add to the quantity of water supplied to Saint- 
l^tienne a supplement of 600,000 cubic metres per year; 
3. to assure the regular working of the manufactories, 
and with this view, to maintain , as nearly as possible , a 
delivery of 35o litres per second. 

This complex project has been accomplished by the 
construction of a barrage in masonry 5o metres in height, 
creating a vast reservoir in a narrow part of the valley of 
the Furens, called le Gouffre ^Enfer. This reservoir hav- 
ing absorbed a part of the former bed of the river, a new 
one was opened , capable of delivering 100 litres per se- 
cond, under the name of a canal of diversion (canal de 
derivation), and which after turning by the reservoir, 
joins the ancient bed of the river below the barrage. 

The capacity of the I'eservoir is 1,200,000 cubic me- 
tres, from the bottom up to /i/i"',5o of its height, and 
i,6oo,uoo cubic metres up to 5o metres, it therefore 
follows that the upper mass of water, 5'",5o in depth, re- 
presents a volume of & 00,000 cubic metres between the 
heights of Uk'^j^o and &o metres. Now, it has been as- 
certained that that part of the total volume of the flood in 
18/19, ^^^^^ corresponds to the discharge exceeding 98 cu- 
bic metres per second, was 300,000 cubic metres; there- 
fore if the Ggure /i/i'",5o be not exceeded in the height 
of the reserve, it will be possible to store up, in the higher 
level reserved for the case of inundation, a volume of 
water double that of the destructive excess caused bv a 
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waterspout like tbat of tS&g. The flood once passed, and 
the delivery becoming less than 9 3 cubic metres, a cul- 
vert carries off all the water exceeding the height &&*,5o. 
and at this height the floor of the calvert is laid, which 
discharges into the new bed of the Furens. 

With respect to the 1,900,000 cubic metres of water 
contained in the reservoir below &&*,5o^ it forms a re- 
serve which is held back so long as the delivery of the 
Furens exceeds 35o litres, and the town of Saint-Etienne 
uses it for consumption, or for manufacturing purposes, 
only when the delivery does not reach 3 So litres. For thb 
purpose, a second tunnel pierced in the rock and provided 
with two cast iron pipes o"',&o in diameter, carries the 
water from the level of the bottom of the reservoir, and 
conducts it to a well , by means of cocks , so that the deliver} 
can be modified at discretion , and the supply of the town 
and manufactories property regulated. This well commu- 
nicates, on the one part, with the new bed of the Furens. 
in which the volume of water to be delivered is determin- 
ed by means of a sluice, and on the other, with the water 
conduit of Saint-Etienne, into which it delivers the quan- 
tity required. These arrangements allow such a volnmeof 
water to be drawn from the reservoir, as mav be neces- 
sary for the benefit of the town, by its own conduit, and 
for the use of the manufactories, bv means of the bed of 
the Furens. 

Above the reservoir and the commencement of the di- 
version canal, a small barrage has been established. 
19 metres in length and 5 metres in height, in which 
are pierced ten apertures i*",5o in breath, each closed bj 
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an iron sluice. Below, the bed of the Furens is divided 
into two parts, each supplied by five of these sluices, ca- 
pable of discharging loolubic metres, and of which the 
right hand bed takes the water to the diversion canaK 
and that on the left carries it to the reservoir. Water- 
marks placed above the barrage indicate (ho heights cor- 
responding with the deliveries of 35o litres and 98 cubic 
metres. 

The working of the sluices is arranged to meet every 
possible contingency. In case of an abnormal rise, and 
that the reservoir were full up to the height of Ub'^^bo, 
the reservoir sluices would remain closed, and those of the 
canal open , so long as the delivery did not exceed 98 cubic 
metres, and all the water flowed through the bed of 
the Furens; but when the limit of 98 cubic metres is 
passed , which would be immediately ascertained by con- 
sulting th«1^ water-mark , the left hand gates would be 
gradually opened, so as to maintain the delivery into the 
canal at 98 cubic metres, and to direct the excess only into 
the reservoir in which the volume of water would then be 
stored that might otherwise have inundated the town. In the 
same manner these sluices are gradually closed in propor- 
tion to the diminution of the delivery, and arc completely 
shut when it gets below 98 cubic metres, and the inun- 
dation of the town is thus avoided. 

When the water is low, so long as the delivery i.s be- 
low 35o litres, the reservoir sluices remain closed, but if 
the delivery happen to exceed 35o litres, of which the sec- 
ond water-mark gives notice . the sluices are worked so as 
to maintain it at 35o litres only in the eanal, and to di> 
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reel aii the excess into the reservoir where it constitutes a 
reserve. But the surplus water only, which is not required 
for the manufactories, is taken from the Furens, and the 
reserve thus created is restored with suitable care by the 
lower culvert, either to the town or to the manufactories, 
when the delivery gets below 100 or 80 litres. 

The reserve of 1,900,000 cubic metres can be re- 
newed twice during the year, and as the supplementary 

r 

service of the town of Saint- Etienne does not exceed 
Goo, 000 cubicmetros, there remains about i,8oo,ooocu- 
bic metres to be utilised for the manufactories. This figure 
corresponds to an augmentation of the delivery from the 
Furens of 1 90 litres per second during six months in the 
year. 

The barrage is 5o metres in height, ^"'fyo in thickness 
at the top and ^9'",o/i at the bottom of the valley; ia 
plane, it follows an arc of a circle having a chord of 
100 metres, a versed sine 5 metres, and 95a",5o of ra- 
dius. The two faces are continuous and nearly in confor- 
mity with the theoretical type, with a uniform pressure, 
studied by M. Delogre, resident engineer. They differ 
from this type, on the one hand, because curved profiles 
have been substituted for polygonal, and on the other, 
because in the upper part, the thickness has been greativ 
augmented, while in the lower it has been slightly dimi- 
nished. These modifications were made in deference lo 
the apprehensions excited by the possible action of waves 
and especially of ice , in a reservoir situated at an alti- 
tude of 800 metres, where the ice sometimes attains a 
ihirkness of o'",r)o. 
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The following tabic shows the thickness at diiTereni 
heights, as also the maximum pressures when the reser- 
voir is empty or full. 
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The profiles of the two faces once determined , as also 
the curve of the top in plane , the surfaces of the facings 
follow. They are two toric surfaces generated by the rota- 
tion of the normal profile round the vertical of the centre 
of the crown curve. The lower or down-stream facing is 
thus constructed , and in different places a certain number 
of square stones have been laid, projecting o'^.So, and 
arranged in quincunx. These are intended to support scaf- 
foldings for inspection or repairs necessary in the future, 
and the up-stream facing is provided with large rings 
arranged for the same purpose, serving to make fast beams 
or planks, by the aid of ropes, or to moor boats in case of 
need. 

All the masonry is let into the solid rock , in the hot- 
lorn of the valley, as well as on the sides, and with this 



330 BARRAGE AND RESERVOIR OF THE FURENS. 

object, the exfoliated or badly adhering parts were cut 
away, and irregular redans or terraces have been contrivtHi 
in which the mass of the barrage is solidly laid. Ali the 
masonry is in rough stone, with Theil lime. Horixonlal 
courses have been avoided , and the stone-work is secured 
by strong bonders in all directions, in order to make of the 
barrage, as nearly as possible, a monolith, also with the 
view of permitting no solution of continuity, the two cul- 
verts have been tunnelled in the lateral counterfort. 

Since it was first filled, the barrage has undei^one no 
change, and the leakage is less than was expected. 

The State contributed 670,000 francs to the expense 
of this work, and the town of Saint-Etienne 1 million 
francs. 

Commenced in i86t the works were terminated in 
t866. M. Grarff, engineer in chief, directed the surveys 
and execution, with the assistance of MM. GoflTB-GBimH 
CHAMP, resident engineer, who drew up the preliminary 
plans; Dblogrk, who made the theoretic surveys according 
to which the profile of the barrage was decided, and ob 
MoNTGOLFiBR, who was charged with the construction. 
[AnnahAe^ PanU ei Chatiss^, 1866, a"^ volume.) 



LIIl 
BARRAGE OF THE BAN, 

CONSTRUCTED BY THE TOWN OF SAINT-CHAMOND 

FOB THE 8BRYM2E OF ITS FOUNTAINS. 



DrawiDgs on scales varying from o^^ooo 075 to o'",90. 

A barrage has been constructed on the Ban (a tribatary 
of the Gier) with the object of storing in a vast reservoir 
the water necessary for the municipal consumption and in- 
dustrial requirements of the town of Saint-Chamond. 

This work is similar in many respects to the barrage of 
the Furens , established in the Gouffre d'Enfer, the model 
of which is exhibited. It only differs in respect to dimen- 
sions, the height being less, the breadth greater, the thick- 
ness reduced, and the pressure being increased to 8 ki- 
logrammes per square centimetre instead of 6. 

Excepting the parapets, it is also in ordinary stone- 
work, and has been constructed with inferior ragstone. 

The depth of the water is only A a metres (instead of 
So) and is limited by a side-weir of 3o metres, over which 
the excess discharges itself. 

The capacity of the reservoir has not yet been accurately 
determined, but it may be estimated at between 1,700,000 
and 9,000,000 cubic metres. 

The water is brought by means of a tunneK 60 metres 
long, bored in the rock which joins one of the extremities 
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of the barrage. In this tunnel are laid two pipes ho cen- 
timetres in diameter, let into the masonry, and each ter- 
minating in two safety contrivances. One of these is a 
valve, which can be ^ut so as to close the pipe, the other 
is a Herdevin cock. The pipes supply mutually, and dis- 
charge into an open channel in stone-work from which 
the water can be conducted a( will, either to the river, 
or to a culvert in masonry which conveys it to Saint-Cha- 
mond. 

A service-bridge was constructed to facilitate the execu- 
tion of the works. 

The cost amounted to 900,000 francs, of which the 
Slate paid 300,000, and the town of Saint^Chamond 
755,000 francs. 

In addition to this oullav, a sum of &5o,ooo francs 
was expended by the town, in the works of the aqueduct 
and in the distribution of the water, amounting altogether 
to i,9o5,ooo francs, at its own proper cost. 

The sum now paid for the use of the water exceeds 
83,0 00 francs, without exhausting the stock available. 
This amount has no reference to the water consumed for 
municipal services which are, of course, provided gratui- 
tously. The various industries of the town have received 
an enormous and, so to speak, an unhoped for develop- 
ment. The water is remarkably suited for dyeing, and 
docs not produce incrustation in boilers. At the present 
time it is being utilised for the hydraulic elevator of a 
considerable manufactory. 

The success of an undertaking of this nature deserves 
to be remarked, seeing that it has been executed by a 



BARRAGE OF THE BAN. 333 

second rate town, and almost wilhont the assistance of the 
State. 

The only inconvenience worthy of notice is, that the 
water is easily disturbed by rain storms that follow the 
valley line of the higher lands, and the turbid water was 
carried directly to the pipes. An angle has been given to 
one of these pipes, a vertical pipe has also been placed 
so as to prevent this direct entrance, and to allow the 
water for consumption to be drawn from a higher level. 
Since this improvement the quality of the water has been 
much more satisfactory. A plan is also designed which 
will arrest the progress of the various matters brought 
down by the water. 

From 1866 to 1869 the works of the barrage of the 
Ban was directed by M. Graeff, then engineer in chief, 
to day inspector general, and from 1869 to 1871, by 
M. Lagrange, engineer in chief, who succeeded him. 

The works were executed under the immediate orders 
of M. DE MoNTGOLPiER, resident engineer «^des Fonts et 
Chausseesw. 



LIV 
ELEVATING MACHINES 

POH 

THE SUPPLY OF THE GAISAL FROM THE AISNR 

TO THE MARINE. 

(WATBR>WORKS OP CONDi^UR-HARNB.) 



Drawings on scales of j^^^^ to \. 

The canal from the Aisne to the Marne connects the 
navigable ways of the east of France with those of the 
north, and establishes a communication between the met- 
alliferous basin of Saint-Dizier and the coal mines of the 
north of Belgium. The important interests promoted by 
this canal justify its being regarded as a line of commu- 
nication of the first order. 

Its length of 58 kilometres is thus divided : 

Slope of the Aisne 89,687 metres. 

Summit levei 1 1,910 

Siope of the Marne 6,698 

Total 58,o35 metres. 

For its whole extent, the canal passes through an ex- 
ceptionally permeable stratum of the white chalk forma- 
tion, which required to be made generally watertight. 
Besides this disadvantage, the district through which it 
passes offers no adequate resources of supply at a conve- 
nient level. In order therefore to furnish the volume of 
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water necessary at all times for navigation , it was necessary 
to take it from the Marne, and raise it to the summit level 
by the aid of powerful elevating machines. 

this volume varies in the different seasons, but accord- 
ing to accurate experiments, and with the present traffic, 
it ought to attain 600 litres per second, during a great 
part of the year. But to ensure the efficient service of so 
important a line of communication, to meet the ever-in- 
creasing requirements of navigation , to allow, at no dis- 
tant period, an increased depth of water, and finally, to 
shorten the time of filling, when some parts require emp- 
tying, it was indispensable to be able to supply much 
more than 600 litres, and the system established can de- 
liver from the summit level 1,900 litres per second, which 
has to be raised to a height of from 517 to aS metres 
above the level of the Marne at Gond^. 

The power necessary to perform this great amount of 
work was obtained by drawing a sufficient volume of water 
from the Marne, by means of a derivation canal which, 
starting from Chalons, descends to Gond(^ with a slope of 
o'^fio per kilometre , slighter than that of the valley, and 
reaches the basin, formed in front of the water-works, at 
a level sufficiently raised above the river to create a fall, 
which varies from6'",9Q during low water-mark to 3", is 
in the highest risings. 

The dimensions of this derivation enable it to convev 
as much as i3 cubic metres of water per second, and this 
quantity is taken from the Marne by the aid of a barrage 
formed in front of the town of ChAlons, on the system 
Louiche-Desfontaines. 
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The level of the head water near the works is regulated 
by means of a weir constructed with vertical cast iron 
plates, enclosing a space into which the overflow water 
falls, and is carried off by vertical pipes, the ends of which 
dip into a sort of shaft or well, level with the lower chan- 
nel, where its velocity is extinguished in eddies. 

This novel arrangement, which maybe usefully applied, 
has permitted the construction of a weir Ixo metres in 
length, in a very limited space near the water-works, and* 
whichs allow the water to fall from a height sometimes 
exceeding 7 metres. 

The mechanical system of elevation consists of five 
KoBchUn turbines placed in a line , and 1 o metres apart. B\ 
a wheel and pinion, each turbine moves a horizontai 
shaft , the axis of which is parallel to the line of the tur- 
bines, and S'^^Bo higher than the normal level of the bead 
water. 

This shaft is supported by a frame formed of cast iron 
pillars, connected by a table and cross-braced by arcs of 
the same metal. 

Right and left of the three central turbines, are ar- 
ranged vertical double action pumps, of which the piston 
ascends and descends through the medium of connecting 
rods attached to crank pins at the extremities of the hori- 
zontal shaft of the corresponding turbine. Connecting 
shafts placed on the same level, and in continuation of the 
first , connect one system with another, and this is effected 
by coupling gear joining the crank pins. 

The turbines at each extremity serve as a reinforce- 
ment, and are not connected with pumps like the threi? 
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intermediate ones, but onlv take their share of the work 
when the crank is put in gear with the adjacent sys- 
tem. By means of the gearing thus effected, the almost 
constant resistance represented by the height of elevation 
of the watejp is surmounted, and it is always easy to put 
the turbines to the speed that agrees with the maximum 
of discharge, according to the variation of the disposable 
fall. Another method also presented itself of obtaining 
this speed, viz. to vary the resisting power, if occasion re- 
quired, by giving to each pump a single or double action; 
and for this purpose it was only necessary to put a valve 
on the suction pipe corresponding to one of the faces of 
the piston. 

The pumps are 0^,95 in diameter, have a stroke of 
1 metre, and can, without difficulty, work up to 9 and 
1 o strokes per minute. They are furnished with clack- 
valves, the arrangement of which constitutes the perfec- 
tion of these elevating machines. 

They consist of large rectangular valves pierced with 
eight oblong apertures, to which are attached small inde- 
pendent valves. They are mounted on a horizontal axis of 
rotation, proceeding from the clack-boxes by a stuffing 
box, and furnished with a small crank the pin of which 
is moved by a spring rod connected with the main shaft 
by transmissions and an eccentric. 

This rod is arranged with springs, in such a manner 
that it can shorten or elongate according to the direction 
of the moving power, and its action first compels the clack- 
valve to descend, while in proportion as the stroke of the 
piston slackens, the discharge becomes loss, and to shut 
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ill ihr moment the piston finishes its stroke. Directly the 
clack is down upon its seat, the spring rod ceases \o act 
upon the pin of the small crank, changes its direction and 
allows the pin to slip into the fork at the end of the rod, 
where it slides smoothly until it touches the hottom. Then 
the rod recommences to act upon the clack-valve by at- 
tempting to raise it; the clack resists because it is held 
down by the pressure of the water, but the tension of the 
spring goes on increasing, and when the piston changes 
stroke and repulses the pressure of the ascending conduit, 
the clack-valve rises altogether, by the simple pressure of 
the spring. 

The four spring-rods of the clack-valves are worked by 
a single eccentric. 

A good valve should in the first place be light, and 
capable of being raised without effort, in order to permit 
the passage of a section of liquid equal to that of the 
pipes. Afterwards, when the piston is finishing the stroke, 
and the discharge of water is but small, requiring only a 
small section of pipe for its delivery, the valve ought to be 
sufficiently heavy to descend gradually towards its seat, 
and to rest there simultaneously with the termination 
of the stroke of the piston. 

The application of the mechanism adopted to regulate 
the movement of the clack-valves has realised these con- 
ditions, and the results have been most satisfactory, since 
the pumps work up to 9 and 1 strokes per minute with- 
out any audible shock. The clack raises itself sharply, re- 
mains stationary during 98 hundredths of the stroke, and 
then falls bark gradually on its seat. 
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As soon as tbe action of the spring-rods is suppressed, 
the movement of the clacks becomes abrupt, and they fall 
violently on their seats with shocks that would soon cause 
damage. 

The supply water brought up by the pumps is raised 
to the adjacent hill by a force conduit formed by two rows 
of pipes o",8o in interior diameter, and is then discharged 
into an open channel which, after a course of 7,60 5 metres, 
brings it to the summit level. 

The first cost of establishing this system amounted to 
the sum of 9,538,o9!j'^75*, divided as follows: 

General expenses, superintendence a5,8/i7',87' 

Purchase of ground 368,190 ,06 

CoDdoetiiig canal 777,989 ,67 

Dischai^e canal, weir, construction of machines, 

approaches and accessories 418,982 ,06 

Ascensional conduit and channel 663,8o5 ,56 

Elevating machines 688,986 ,73 

Total 9,538,099S75* 

On the other hand the annual working expenses are : 

Salaries and wages 9»3oo ,00' 

Oiling and cleaning machines. . . . 5,o39^7l*" \ 

Packing of pistons and glands.. . . 5t3,oo > 6,366,77 

Firing and lights 5i 6 to6 ) 

Maintenance of machines, canals and buildings. . 6,333 ,93 

Total 90,ooo',oo'' 



The Cond^ works have been in operation since October 
1869, and supply a canal 58 kilometres in length, and 
on which the annual traffic is nearly /ioo,ooo tons. 
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Numerous experiments have demonstrated that the ob- 
ject originally proposed has been completely and eco- 
nomically attained, and that not only are present require- 
ments adequately met, but those of the future are amply 
provided for. 

The product of the pumps in volume , t. e. the relation 
between the volume of v^ater actually raised and that 
moved by the pistons, has been found to vary from 0,9^8 
to 0,971. 

The mechanical product in water raised, t. e. the 
relation between the actual work done by the system and 
the gross power furnished by the fall, amounts to 0,67- 

In making a comparison between the actual working 
expenses and the volume of water raised in the second half 
of the year 1871, it has been calculated that the cost of 
delivering 1,000 cubic metres of water at the summit level 
was i^o8% including the expenses of working-staff , oiling, 
cleaning, packing pistons, firing, lights, maintenance of 
machines, buildings, canals, etc. 

The works were planned and executed under the di- 
rection of M. DuRETESTE, engineer in chief, by M. G^rib- 
DIN, resident engineer «des Fonts et Chauss^es». The tur- 
bines were furnished by the firm of Kobchlin. The pumps, 
connecting gear, and frames were made by M. CLAPARtes, 
constructor at Saint-Denis-sur-Seine , with the assistance 
of his engineer, M. Boulogne. 



LV 

DAM AND SIPHON- WEIR 

OF THE RESERVOIR OF MITTERSHEIM. 
(g4Nal op tbb goal hinbs of the saere.) 



Model represeuiiag sectioD of dam and machinery of siphon, complete, 

ou a scale of o^tOaO (one fortieth). 
Head of fetching ^^^ tube (amorceur), scale of o"',io (one tenth). 

The reservoir of Mittersheim supplies part of the canal 
of the Sarre coal mines, and is formed by a barrage in 
the valley of Naubach, where it constitutes a reserve of 
water having a surface of 961 hectares, and a maximum 
depth of 8'",io above the bottom sluice. Its total ca- 
pacity is 7 millions of cubic metres , and of this quantity, 
5,800,000 (equal to a volume of water 3'°,&6) can be 
appropriated to the supply of the canal. Local circum- 
stances require that the regulation level of the reserve 
should not be appreciably exceeded, and to ensure the 
perfect working of the weir, it has been necessary to re- 
dute this limit to o°',o5. 

Dam. — The dam is 339",5o in total length, 8",89 
in depth from the capping to the bottom plug or sluice , 
6 metres in breadth at the top, and attains a maximum 

^'^ The word f< fetching?) is employed in the case of a pump, when putt- 
ing it in motion, and the circumstances being analogous, it is used liere. 
( Tramlalor. ) 
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breadth of 36™,8o at the base, in the bottom of the 
valley. 

It is formed of a core or body of puddled earth , faced 
with masonry on the side of the water. The upper face 
presents a series of inclined walls separated by risbermes 
slightly sloping. Each wall corresponds to a height of 
^"'fSo by a breadth of a metres, and each risberme is 
o",6o in height by 3 metres in breadth, so that each 
bench gives a total height of 3"", i o and a horizontal breadth 
of 5 metres. There are one, two, or three benches accord- 
ing to the varying height from one profile to another, the 
lower bench being reduced to the dimensions required. The 
lower wall rests throughout on a foundation wall of varying 
height, but which everywhere penetrates to a bottom per-- 
fectly impermeable. Each is faced with masonry, o",5o in 
thickness at the top and o"',70 at the base, which resU 
on a solid mass of beton. The risbermes are covered with 
stone paving, resting on a layer of beton, and have alto- 
gether a breadth of o"',3o. The upper wall is surmounted 
by a parapet, i metre in height, which protects the road- 
way against the waves. 

The lower face of the dam presents, starling from the 
top, a first talus, k metres in height by 6 metres in breadth, 
then a horizontal bench a metres in breadth, and lastly a 
second talus a metres in base for i metre in height, going 
down to the natural bottom. This down-stream face h 
thoroughly drained by means of small channels descending 
from 1 ",9 above the surface and filled with broken stone, 
and which discharge into a ditch at the fool of ihe dam. 

Siphon-weir. — The regulating apparatus consists of two 
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large cast iron siphons, o'^jyo in interior diameter and 
o",o99 in thickness, communicating, by their ascending 
branch, with the reservoir at 3",5o below the reserve, 
and by their descending branch , with a discharge canal in 
which their orifice is kept under water by means of a small 
barrage. A small tube , o"*, 1 5 in diameter, is joined to each 
siphon and follows it throughout the whole of the bend. 
The lower orifice of this tube discharges into the same 
canal in which the end is also submerged, while the up- 
per orifice opens into the reservoir exactly on a level with tho 
reserve. This tube serves as a fetching tube , amorceur, for 
the siphon, and both are in permanent communication by 
means of a bent pipe, which connects their most elevated 
points. The head of the fetching tube is in cast iron , and is 
enlarged in the shape of a bell, expanding horizontally to 
an arc of a circle with a radius of o"*,8o. The two sides or 
lipg (i^vres) of this head are profiled in such a manner that 
the lower lip presents to the water a horizontal line of over- 
fall placed exactly at the normal level of the reserve. The 
upper lip is terminated by a rounded surface, tangent, in 
its whole development, to a horizontal plane passing at 
o",oo5 above the lower lip. From these arrangements it 
results that the orifice of entrance is only submerged when 
the level of the water rises to more than 0*^,005 above 
the regulation reserve. The fetching ( amercement) is then 
effected in the following manner. 

As soon as the water rises above the regulation reserve , 
it flows over the lower lij) of the fetching tube; if this 
elevation attains o^.ood, the entrance orifice of the 
fetching tube is submerged, and from that time, the air 
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contained in the fetching tube, ia the siphon, and in the 
upper tube, ceases to be in communication with the 
atmosphere. Then the water, in overflowing, draws the 
air from the small tubes and exhausts that of the siphon , 
and there ensues a diminution of pressure in the interior 
of the apparatus, the water ascends into the siphon, the 
fetching takes place, and finally the siphon works with 
increasing speed and discharge. 

But another phenomenon prevents the pressure from 
indefinitely diminishing, and the delivery from indefi- 
nitely augmenting. The increasing velocity of the water 
entering the fetching tube creates, near its head, a partial 
depression in the plane of the fluid; this depression 
deepens in proportion to the augmentation of speed, and 
at last reaches and uncovers the upper lip of the orifice, 
thereby causing the admission of a certain quantity of air 
into the apparatus, a consequent increase of interior 
pressure and a diminution of speed. The same facts 
being successively produced, there results from these 
two opposing tendencies, a series of oscillations corres- 
ponding to the shutting and liberating the upper lip of 
the fetching tube. This state of agitation- soon ceases, and 
a steady movement is established, during which there is 
a simultaneous issue of water and air. 

When the rising of the water ceases, the level of the 
reservoir lowers, and the same phenomena are produced 
in an inverse direction; the siphon action stops, and the 
flow is arrested when the plane of the water returns to its 
normal height. 

A few millimetres of elevation in the plane of the wa- 
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ter, above the fetching tube, suffice to cause a marked 
increase of speed. The air ceases to enter, and the water 
escapes from the filled tube before this elevation has at- 
tained the permissible limit, o°*,o5. The discharge is then 
o"',6o per second, a quantity greater than the maximum 
delivery of the risings. 

In order to exercise complete control over the apparatus, 
the head of the fetching tube has been disposed in such 
a manner that it can be raised or lowered in a sing^ 
piece, by the aid of a regulating screw, the impermea- 
bility of the communications being assured by free dilata- 
tion joints. In addition, a small vertical iron valve gate 
has been placed in the head of the fetching tube, and it can 
move round a vertical axis, without ceasing to fit closely 
to the interior of the two lips, which allows the entrance 
aperture and consequently the discharge to be varied. The 
regulating is effected once for all, and the apparatus af- 
terwards works automatically and requires no supervision. 

The apparatus is double, and consists of two siphons, 
each of which is furnished with its ow^i fetching tube with 
tube of communication. Thus each siphon forms a com- 
plete system, capable of working by itself while the other 
may require to be examined, repaired, or regulated. 

All the pipes of the two siphons are contained in a 
square covered shaft, 6", 5 6 square at the top; the thick- 
ness of the sides i",ao at the upper part, increases by 
reason of an exterior tapering of one tenth, and of va- 
rious interior counterforts serving as supports to the cast- 
ings. In addition, two small semi-circular arches, i metre 
and i'",6o in breadth, shore up the tops of these sides in 
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order to resist the thrust of the water, in the event of the 
shaft being emptied. The lower arch bears the heads of 
the fetching tubes and the siphons, while the upper one, 
perpendicular with the first, carries the lifting jack-screw 
of the bottom sluice and the covering slabs. Two culverts 
terminate in the centre of the well : the one, on the up 
stream side, is I'^ySo span and I'^^So in rise below the 
key, and establishes a constant communication with the 
reservoir, so that the heads of the fetching tubes are 
always in still water; the* other, on the down -stream 
side, is i°?,9 by o",6o, and is kept closed by a cast iron 
sluice which can be worked from the top; it runs into 
the discharge canal and serves to empty the reservoir, in 
case of need. By opening the cast iron sluice and clos- 
ing the first culvert, by means of small beams fitting in 
grooves contrived for this purpose, the well can be emp- 
tied, and all the parts of the siphons examined and re- 
paired. Their ascending branches terminate in the reser- 
voir by bell shaped circular orifices, and are fitted with 
gratings and clack-valves. The discharge culvert, into which 
the descending branches of the siphons and fetching tubes 
empty themselves, is closed on the down-stream side by 
a small barrage-weir, which retains the orifices of these 
pipes constantly under water. 

The idea of employing fixed siphons as weirs for the 
regulation of a reserve was proposed by M. Girard and ap- 
plied to the Southern canal: but large siphons have been 
employed there, which required considerable variations 
in the level of the reserve, to put them in motion or to stop 
them. 
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The peculiar conditions existing at Mittersheim, and the 
very restrained limit permissible, o*",o5, led M. Hirsch, 
engineer « des Fonts et Chauss^es » , to invent the special 
system of fetching tubee, which has completely fulfilled 
the purpose for which it was intended. 

The works were planned and directed by MM, Benard, 
engineer in chief, and Hirsch, resident engineer «des 
Fonts et Chausseesw, from i864 to 1866. Water was let 
into the reservoir in December 1866, and the siphons were 
put into action, for the first time, (m the ta^*' January 
following. 
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VARIOUS OBJECTS 



LVI 



COLLECTION OF PHOTOGRAPHIC VIEWS. 



Tweoty-two albums. 

A series of albums containing views of the principal 
works executed on the different lines of communication in 
France, viz. : 

SECTION I. 



Roads 



1 



SECTION n. 

Bridges 3 

SECTION ni. 

Northern Company. — Western 
Company i 

Paris, LyoD and Mediterranean 

Railways / Company i 

Southern Company i 

Orleans Company 3 

Stations i 

SECTION IV. 

, , . . ^ , Rivers i 

iiilerior navigation -If, ■ 
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SECTION V. . 

AUDMS. 

The Channel i 

Harbours I The Atlantic i 

The Mediterranean i 

SECTION VI. 

Lighthouses i 

SECTION Til. 



Canals for water-supply 

Water-works. Supply of Paris 



SECTION VIII. 

Various edifices 



1 



Public buildinfifs. ...,„, ^ 

^ ( The Opera i 

A part of this coHection is reproduced in a work en- 
titled : the Public Works of France, published in Paris under 
the auspices of the Ministry of Public Works. The first 
numbers of the work appear amongst the objects exhibited 
by this Ministry. 



LVII 
NATIONAL SCHOOL 

^DES FONTS ET CHAUSS^ES^, 



More than a century has elapsed since the establish- 
ment of the School ^des Fonts et Ghauss^esn. 

The pupils destined for the corps of engineers ^des Pmb 
et ChatLss/es v are chosen exclusively from the Folytechnic 
School ^iJ. 

Independently of the engineer pupils of the State, the 
School « des Fonts et Chaussees w receives « (Aleves extemes» 
either French or foreigners. After passing an examination, 
they are admitted to attend the courses of lectures, and 
to participate in all the interior studies of the School ^^l 

Finally, in order to assist candidates in passing the 
preliminary examination, a preparatory course of study 
has been instituted in the School, and is ^ecially in- 
tended for young men desirous of being admitted as 
«^l^ves externesjj. 

The instruction is entirely gratuitous for the c( Aleves 
externes » and for the pupils of the preparatory course, 

^^) See the Notice on the School ctdes Fonts et Ghau8sees?) appended to 
the documents exhibited by this School. 

(^^ See, in the same docunienU, the conditions of admission for r,^\kief 
externes 9 and the conditions of admission to the preparatory course. 
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NOMENCLATURE OF THE COURSES OF LECTURES 
AND OF OTHER DOCUMENTS 

PRBSRNTED TO THE UNIYKRSAL EXHIBITION AT PHILADELPHIA. 



I.- ADMINISTRATIVE DOCUMENTS. 
(Documents collected in one volume in-8".) 

Notice on the School trdes Fonts et Chauss^es?). Paris, 1873, 
1 pamph. 8'". 

Decree of i3*^ October i85i, enacting the organisation of the 
Corps irdes Fonts et Chauss^s^. Paris, 1867, 1 pamph. 8'*. 

Decree of 1 3*' October 1 85 1 , enacting the organisation of the 
School ffdes Fonts et Chauss^s^). Paris, 1867, 1 pamph. 8'". 

Interna] regulations of the School trdes Fonts et Chauss^es'). 
Paris, 1875, 1 pamph. 8^^ 

School ffdes Fonts el Chauss^esi). — Admission of ff^l^ves ex- 
temesn to the courses of lectures at the School. — Decrees, orders, 
decisions. — Programme of attainments required for admission. 
Paris, 1875, 1 pamph. 8^'. 

Preparatory courses for the School crdes Fonts et Chausa^n. — 
Decrees orders, decisions. — Programme of attainments required 
(or admission. Paris, 1878, 1 pamph. 8^*. 

II. — INSTRUCTION. 

1 . COURSES. 

Programme of instruetion at the School (rdes Fonts et Chaass^n 
drawn up by the Council of the School , and approved by the Min- 
ister of Public Works. Paris, 1876, 1 vol. 4*". 

Bbesse. — Course of applied mechanics delivered at the School 
rrdes Fonts et Cbauss^n : 

1** part, — Resistance of materials. Second edition. Paris ^ 
(Jaulhier-Villars, 1866, 1 vol. 8"". 
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9*' part. — Hydraulics. Second edition. Paris, Gaathier-Vil- 

law, 1868, 1 vol. 8". 
S""* part, — Calculation of bending moments in a beam with 

more than one span. Paris, Gauthier-Villars, i865; text, 

1 vol. 8"""; atlas, 1 voL folio. 

CoLLiGNON (Edouard). — Course of mechanics applied to coin 
structioD : 

1" part, — Resistance of materials. Paris, Dunod, 1869, 

1 vol. 8''. 
Q** part, — Hydraulics. Paris, Dunod, 1870, 1 vol. 8'*. 

Baylb. — Course of mineralogy and geology applied to construc- 
tion. Paris, 1869-1 87/1, 1 voL U^"" lithog. The first part is puUished. 

Garnier (Joseph). — Treatise on political economy, social and 
industrial; didactic exposition of the principles and application of 
this science. Seventh edition, Paris, Guillaumin, 1873, 1 vol. id**. 

Mangon (Herv^). — Treatise on rural engineering. Paris, Dnnod. 
1875. — The 3** volume, comprising agricultural machines, is 
published. Text, 1 large vol. 8^*"; atlas, 1 vol. folio, 96 engravings. 
The other volumes will appear subsequently. 

Mangon (Hervd). — Practical instructions concerning drainage, 
collected by order of the Minister of Public Works. Third edition. 
Paris, Dunod, i863, 1 vol. la"'. 

Baron. — Notes taken by the pupils , at the course on the con- 
struction of roads. Paris, 187^-1875, 9 vol. A** lithog. 

MoRANDi^RB. — Notes takoo by the pupils, at the course on the 
construction of bridges : 

1" part. — General processes of construction. Paris, i865- 

1866, 1 vol. /i*" lithog. 
fl"** part. — Course on bridges, properly so called. Pan's. 

1866-1867, 9 vol. A*" lithog. 
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MoHARDiJiBE. — Treatise on the constniction of bridges and via- 
ducts in stone , wood , and iron , for roads , canals and railways. Paris , 
DaBod, 1875, text A'*, atlas folio. The two Grst parts are pub- 
lished. 

Mart. — Notes taken by the pupils, at the course of internal navi- 
gation. Paris, 1868, 1 vol. A*" lithog. 

Mary. — Appendix to the course of internal navigation. Practical 
details on the water supply. Paris, 1868, 1 vol. li^ lithog. 

Jagqmin. — wSteam engines. Lectures given in 1869-1870 at the 
School ffdes Ponts et Chauss^S)». Paris, Garnier, 1870; text, a vol. 
8'"; atlas, 1 vol. 4*" lithog. 

GitRARDiM. — Course on steam engines, given at the School rrdes 
Ponts etChauss^D. Paris, 1876, 9 vol. 4*" lithog. 

Bazaine. — Notes taken by the pupils, jit the course on railways. 
Paris, 1868-1873, 1 vol. /!'• lithog. 

Jacqhin. — The working of railways. Lectures given in 1867 at 
the School trdes Ponts et Chauss^n. Paris, Gamier, 1868, 9 vol. 

Jacqmin. — Railways during the war of 1870-1871. Lectures 
given at the School wdes Ponts et Chauss^n. Paris, Hachette, 1879, 
1 vol. 8^'. 

Chrvallibr. — Notes taken by the pupils, at the course on mari- 
time works. Paris, 1871-1878, 1 vol. 4*" lithog. 

Voisih-Bey. — Course on maritime works, given at the School 
ffdes Ponts et Chauss^sn. Paris, 1878 , 1 vol. A^** Kthog. comprising 
chap. I and viii. 

Rrynaud (L.). — Treatise on architecture : 

i" parL — Art of building. — Studies on the materials of 
cx)nstniction and the elements of edifices. 

a3 
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9'^ part. — Gompotition of edifices. — Studies on Ae sBBthe- 
tics, history, and present condition of edifices. Poorth edi- 
tion.. Paris, Donod, 1870-1875; text, s voL h**; atias, 
SI vol. folio. 

Adcoc (L^n). — Conferences on administration and adminis- 
trative law, given at the School ffdes Fonts et Chauss^n. Faris, 
Dunod, 1869-1870, a voL 8'". (Vol. Ill is in the press.) 

DuaAND-GLAYis (L.). — Course on chemistry applied to materials 
of construction, natural water, soils and agricultural products. 

1'^ part, — Chemical analysis. — Trial of materials of con- 
struction. Paris, 1875, 1 vol. &** lithog. 

!k** part. — Properties of materials employed in construe^ 
tion. — Notes on lime and mortar. Paris, 1867, 1 vol. 4*' 
lithog. 

9. goupbkbngbs. 

Ahiot. — Summary of conferences on the electric telegraph. 
Paris, 1874, 1 voL 4** lithog. 

Davannb. — Summary of conferences on photography. Paris; 
1874, 1 pamph. 4^ lithog. 

GouHBS. *- Summary of conferences on pisciculture. Paris, t868, 
1 vol. 4*^ lithog. 

TaoRQUOT. — InstructioDs on the execution of surveys of machines , 
and making the drawings clear. Paris, 1868, 1 vol. 4*"* iithog. 

VoisiH-rBBY. — Conferences on the maritime canal of Suez , given 
at the School (rdes Fonts et Chauss^es)). 

CoHTB. — Conferences on the tunnel of the Alps, given at the 
School (rdes Fonts et Chauss^^. 1 vol. 4**" lithog. 

Maighal. — Conferences on the adjacent road service, given at 
the School trdes Fonts et Chanss^fi. Faris, 1874, 1 vol. 4** lithog. 
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3. VARIOUS DOCUMENTS. 

Mangor (Herv^). — Laboratory and experimental workshop at 
the new IMp6t of the School irdes Fonts et Chauss^esn. Paris, 1871 , 
1 patnph. 8^'. 

Collection of drawings distributed to the pupils of the School 
rrdes Fonts et Chauss^n. Faris, iS&j-iSyS; text, a vol. 8***; atlas, 
9 vol. folio. 

Catalogue of books composing the library of the School rrdes 
Fonts et Chauss^n. Paris, National Printing Office, 1 873, 1 vol. S^\ 

Catalogue of models in the galleries of the SchoDi rrdes Fonts et 
Chauss^n. Paris, National Printing Officp, 1878, 1 vol. 8'". 

&. REPORTS 
Pl'BLlSHBD BT BRGUIBBRS SBNT TO OTBBR GODNTBIBS^N SPECIAL MISSIONS. 

Mal^ziecx. — Public works in the United States of America in 
1870. — Report of mission published by order of the Minister of 
Public Works. Paris, Dunod, 1878, text and atlas, 9 vol. /i*". 

MALiziBDx. — English railways in 1878. — Report of mission. 
Paris, Dunod, 1876, 1 vol. 4*^ 

Dartrin (De). — Study on Lombard architecture and the origin 
of the Roman-Byzantine architecture. Paris, Dunod, 1868-1873; 
text, 1 vol. A*"; atlas, 1 vol. folio. 

Choisy. — The art of building amongst the Romans. Paris , Du- 
cher and Company, 1878, 1 vol. small folio. 

Croizette-Desroybrs (Ph.). — Notice on public works in Hol- 
land. Paris, Dunod, 1878, text and atlas, a vol. h**. 

5. PREPARATORY COURSES. 

CoLLiGNON (Edouard). Course of analysis and mechanics, given at 
the School trdes Fonts et Chanss^es^. — Notes taken by the pupils. 
Paris, 1876, 1 vol. 4*" lithog. 
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Gabibl. — Coarse of physics, given at the preparalory School 
(rdes PoDts et Ghaussto*}. — Notes taken by the pupils. Paris, 
1876, 1 vol. 4*Milhog., 

PiLLBT. — Course of descriptive geometry and stereotomy, given 
at the School erdes Ponts et Chaass^.v* — Notes taken by the pu- 
pils. Paris, 1876, 1 vol. A*" lithog. 



LVIII 

CENTRAL SOCIETY FOR THE RESCUE 

OF SHIPWRECKED PERSONS. 



Tropby of safety contrivance. 

Orgamzaiian. — This society originated in a commis- 
sion instituted in i860, by the Ministry of Public Works , 
for the purpose of taking into consideration the necessary 
steps for the establishment of a complete service of rescue 
on the coasts of France. 

Full particulars were obtained of the state of societies 
previously existing in some of our ports, as well as of the 
arrangements adopted in England. Those points of our 
coasts* which figure most prominently in the annab of 
maritime disasters were also indicated, and the commis- 
sion having made itself acquainted with the preliminary 
details, and with the conditions indispensable to the for- 
mation of a society, decided upon a plan of organization, 
at the same time expressing an opinion that the objects 
proposed would be more effectually accomplished by the 
agency of a private society, than by that of the Govern- 
ment, and that official action should be limited to assis- 
tance and encouragement. 

About the same time, M.Gudin, a marine painter with 
jnst claims to celebrity, sought, with the aid of some 
friends, the best practical means of developing in France 
a system of rescue similar to that employed in England. 
M. Gudin was deeply moved by several deplorable calami- 
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ties of which he bad been an eye-witness, and the subject 
appeared to him of the greatest importance , not only on 
the score of humanity, but as concerning the honour of 
France that the coasts should no longer remain unprovided 
with the necessary appliances for rescue. 

In this manner the elements of a private society were 
formed, and obtained the approval of the commission. 
Statutes and regulations were drawn up, and a decree, 
dated the 17^ November i865, recognized the public 
utflity of the Central Society for the rescue of siupvnrecked 
persons. 

The first president chosen, was admiral Rigauh de 
Genottilly, who, up to the time of his death, was indeCati- 
^ble in his devotion to the work. 

The Ministers of Finance, Marine, and P«biic Works, 
are hoaarwy presidents of the Society, which is adminis- 
tered by forty members, of whom one fifth are renewed 
by anjiiial election « 

Nine members chosen from the council form a com- 
mittee of management, and meet twice a month. One of 
these is appointed by the council to be the actiag dele- 
gate. He represents the Socirty, signs orders for payment, 
a&d sees that the measures adopted are carried ouL Two 
injectors, naval oflBcers, superintend the arrangement 
and opening of new stations, as wefl as the working of 
the service all along the coast. 

Wherever a life*boat is placed by tlie Society, a local 
committee is instituted , which manages the service and 
corresponds with the central committee. 

The cockswain of the boat i» paid by the year, and the 
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crew receive a certain sum every time the boat puts to Bea , 
either for exercise or for the purpose of saviog life. 

Fmmeial res(mrce$. — The pecuniary resources of the 
Society consist of the revenue of the reserved capital , an*- 
nual subscriptions » voluntary gifts, and grants made by 
the chambers of commerce, the communes, departments 
or the Government. 

Up to the 1** January 1876 the receipts amounted to 
i,889»/id6 fr. lik cent. The Ministry of Public Works also 
came to the assistance of the Society, and at the expense of 
the State ordered the construction of forty seven shelter 
sheds for the life-boats, and the expenses of these build*- 
ings maybe estimated at about /ioo,ooo francs. 

Life $amg apparatw. — These are of various kinds; 
the priaeipal are life^boats, and the mortar apparatus. 

U/e^boak. — Numerous experiments were made with 
various types of life-boals, by a commission instituted at 
Cherbourg, and composed of officers and engineers of the 
navy. These trials resulted in the selection of the average 
model adopted in England by the Royal National Lifer-hoot 
InahMion. 

This boat is manned by twelve men, including the 
cockswain and mate, and is provided with air boxes which 
render it insubmersible. A double bottom* fitted with valves, 
enables it to empty itself instantly when a wave breaks on 
board; if upset, it rights immediately, and it goes well 
either with sail or oars. Experience has fully justified the 
choice (of the Society, and the coast populations now mani* 
feat the greatest confidence in these boats, the excellence 
and value of which tliey know by experience. 
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Mariar apparatu$. — Greater difficulties presented 
themselves in the selection of this apparatus. Those used 
in various countries, and particularly in England, were 
the Manby mortar, and rockets of different sorts. The 
disadvantages of the mortar are, its weight, which ren* 
ders it difficult to transport from one part of the coast 
to another, and the liability of the line to be broken by 
the abrupt tension produced at the departure of the pro- 
jectile. The rockets are expensive, eanly spoiled, and re- 
quire to be managed by persons accustoitied to their use. 
They have , however, afforded valuable assistance in many 
instances, and the French Society did not give up the idea 
of adopting them , after the introduction of some improve- 
ments. But something more practical was required, some- 
thing that might be available at every point of our coasU, 
and with this view, the Society communicated with captain 
Delvigne, whose name was associated with some important 
works on weapons of war. The first question put to him 
concerned the possibility of employing the muskets of the 
custom house officers , for the purpose of discharging ar- 
rows carrying a light cord, in order to assist vessels strand- 
ed near the shore. This would meet the wishes of our re- 
venue officers, for these eicellent men were frequendy 
witnesses of scenes of shipwreck , and were distressed be- 
yond measure to see unhappy beings perish before their 
eyes, while they were powerless to render assistance. 

Such was the origin of the simple and ingenious inven- 
tion , which became the base of the system since adopted 
and successfully applied , since 1870, along the whole ex- 
tent of our coasts. 
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In order to obviate the abrupt shock caused to the line 
by the projectile, at its departure, the idea occurred to 
M. Delvigne to attach the line to cord rings sliding along 
the arrow, from the point to the end , where they stopped. 
The inertia of the cord is thus gradually surmounted by 
the friction of the rings, and breaking is avoided. The 
trials made in presence of the commission were deemed 
satisfactory, and several revenue posts were immediately 
supplied with the apparatus, which enables a line to be 
fired a distance of nearly 60 metres, with a charge of 
powder weighing 3 grammes. 

On board the gunnery training ship LouU XIV, as also 
at the camp at Gh&lons, experiments were made which 
fully demonstrated the advantages of the system, and the 
Minister of Marine lent to the Society some bronze swivel- 
guns 80 kilogrammes in weight, and some blunderbusses 
of 9 kilogrammes. 

The first, discharge a wrought iron arrow, weighing 
5 kilogrammes, a distance of 3 00 metres, with a charge 
of ilio grammes of powder, and bearing a line 5''"',5 in 
diameter; or 1 5o metres, with 5o grammes of powder and 
a floating arrow of wood weighing a kilogrammes. This 
last is carried the same distance by the blunderbuss, with 
the same charge. 

Some time afterwards the Ministry of Marine added the 
loan of some wall-pieces. These guns discharge a wooden 
arrow weighing 980 grammes, discharge a line 9*^,5 in 
diameter, a distance of 100 metres, with a charge of 
5 grammes of powder. 

All these ranges, just mentioned, may be taken as the 
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average results of a nomber of eKperimeats , made under 
the conditions of calm weather or light cross breezes. The 
proportion is considerably augmented or diminished « ac- 
cording to the strength and direction of the wind. 

But guns for military purposes are deficient in the con- 
ditions most favourable to the discharge of these arrows , 
and for the following reasons M. Delvigne proposed to 
have guns made expressly for the purpose : 

t. Gonsidmng that, in order to avoid breaking the 
lines, the arrows can only be discharged with a velocity 
much inferior to that given to projectiles of war, it fdilows 
that long bore pieces are useless; 

9. In default of velocity, a sufficient range can only be 
obtained by the weight of the arrow, from which follows 
the necessity of a relatively strong charge , and a great 
power of resistance in the gun; 

3. The arrow can be considerably lengthened, and by 
this means great weight is obtained with a small calibre, 
and the length of bore being reduced, the thickness of the 
metal can be increased without exceeding the weight of 
the war guif. 

In acoc^dance with these considerations » the small steel 
gun with carriage was established, serving, with tbe jbluil- 
derbuss of the same weight, as a mean of cooiparison in 
respect of the raage to be obtained. 

The gunH^annon (fusil-canon), invented by M. Del^ 
vigne , can be fired from the shoulder, with a charge of 
1 grammes; with a double charge by meani of a suppori 
for the hook or rest at the extremity of the piece, and with 



GBNTfiAL SOGiETY FOR THE RESCUE. 363 

a triple or quadruple charge, when the piece is placed on 
its little wooden carriage. 

The trials demonstrated that, with a simple charge, it 
will carry a wooden arrow Aoo grajnmes in weight, with 
a line 3"^,5 in diameter, a distance of i3o metres. 

When the line , fired by one of these pieces, reaches the 
people in the veasel, they make use of it to haul on board a 
double gantline, which is rove in a single block attached 
to the mast. By means of ihis, the people on shore send 
a hawser, which the crew make fast above the gantline , and 
then a round buoy with a leather sack, in which the ship- 
wrecked people are successively brought to land. Such i^ 
the reciprocal movement of the apparatus. 

Other methods are employed, which, though they do 
not carry aid to so great a distance, are valuable on cer- 
tain occasions : 

Life-MiB. — Various systems have been tried by the 
Society, and the preference has been given to the one in* 
vented by rear-admiral Ward. This consists of broad pieces 
of cork sewed on a linen band; it is simple and solid, 
offers no obstruction to the movement of the body, and 
ean be delivered at the price of 6 fr. 5o cent. This belt is 
very generally used along the coast; all the life-boats, and 
the craft attached to the lighthouse service, and a great 
number of fishing boats are provided with it. 

The Torris lines. — All vessels ought to be provided 
with this apparatus, the utility of which is daily expe- 
rienced in our ports. The invention is due to M. Torres , 
of Havre , and consists of a line 6 or 8 metres in length , 
with a small cork buoy at oae end, and a number of small 
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pieces of wood along its length. If a man falls from the 
quay, by no means an uncommon occurrence , the line is 
inunediateiy thrown to him, and he holds on to the buoy 
or one of the pieces of wood. He can even roll it round 
his body, and thus make a complete life-belt. 

Leaded staves, — These are used to tfirow a line on 
board a small craft in distress at the entrance of the port. 

Stations established, — Up to the present date the So- 
ciety has established 5o life-boat stations, and 3a5 sta- 
tions of rescue. The latter are confided to the care of the 
revenue officers, and are furnished with mortar apparatus, 
belts, and other appliances of rescue. Thirty-one sea light- 
houses have been provided, by the Society, with wall- 
pieces (fusil de rempart) and wooden arrows. 

The Society publishes, under the title of Annates du 
Sau/vetage Maritime, a journal containing an account of its 
transactions, as well as of all inventions and occurrences 
relating to the<object of its mission. 

Restdts obtained. — From the period of its formation 
to the i'* January 1876, the Society has rescued 
1,9/17 shipwrecked persons from death. Assistance has 
been afforded to 1170 vessels in distress, and 76 of them 
have been saved. 

For these rescues, it has awarded numerous gratuities 
and the following honorary distinctions : 

10 gold medals, 

6 It silver medals , 

179 bronze medals, 

396 certificates. 

On the recommendation of the committee of manage- 
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ment, seven cockswains of life-boats have received the de- 
coration of the Legion of honour. 

On the 5*** May 1879, the Society suffered a grievous 
loss in the death of the president, admiral Rigault de Ge- 
nouilly. The council of administration nominated, as his 
successor, vice-admiral baron de La Ronciere-le-Noury, 
who had previously fulfilled the duties of president of the 
committee of management. 

The president of the committee is M. Dumoustier de 
Fr^dilly,* director of Commerce at the Ministry of Agri- 
culture and Commerce. M. Camille Dor^, retired naval 
officer, is the acting delegate. 

M. RouBBT, retired naval captain, and M. Ragiot, navai 
lieutenant, are the Society's inspectors. 

The seat of the Society is established in Paris, rue du 
Bac, 53. 
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DETAILED GEOLOGICAL MAP OF FRANCE 



BXECUTBD ON THE T0P06R1PHIGAL MAP OF THR STAFF 



BY THE 6R0I.0GICAL MA? 8ERTICR. 



The geological map service of France was instituted by 
a decree of the i*' October 1 868 , with a view to the pub- 
lication of a detailed geological representation of the 
country, upon the Staff map on the 80 000*^. 

Hot nearly two thirds of the territory, the elements of 
this publication were already in existence , in the shape of 
departmental miaps executed under the auspices of the 
general councils, at different periods since the year 1 835. 
But these maps, executed and published on different scales 
and without any common plan, could neither be brought 
together for purposes of comparison , nor with the object 
of constituting one complete work. In addition to this, few 
of them showed any acquaintance with the recent pro- 
gress of a science which during the last few years has re- 
ceived the most valuable accessions. 

In 1868, the pertaimel of the service was placed under 
the superintendence of M. Elie de Beaumont^*^ whose first 

^*) This penonnel consisted of MM. Elib de Beaumont, seoator, perpetual 
secretary of Ibe Academy of Sciences, inspector general of Mines, director of 
Uie service i B. db Charcoubtois, engineer in chief of Mines, subnlirector; 
Edmond Fdchs, A. Potier, A. db Lapparbkt, H. Doutill^, F. Clbbadlt, 
mining engineers; Gdyebdbt, attached to the collections; Jedlikski, prin- 
cipal garde-mine^, chai^ged with the graphic works. 
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eflbrts were directed to the study of the Parisian district, 
and it was soon ascertained that, whatever cai^ might 
have been exercised in the previous surveys of this dis- 
trict, it was necessary to recommence, in almost every 
part, the detailed e&ploratioa of the ground. 

For the documents composing a work of this magni- 
tude, it was necessary to establish a methodical and uni- 
form system of arrangement , capable of adequately 
meeting all the scientific and technical requirements that 
ge(4ogy is called upon to satisfy; and this obligation, 
added to the necessity, before mentioned, of a new and 
more complete exploration, prevented the publication 
from bebg accomplished with the promptitude calculated 
upon at the commeDceiQent of the undertaking. In 1873, 
the work was not saffietently advanced , to allow of send* 
ing to the Univerisal Exhibition at Vienna more than 
twelve sheets, forming a rectangle, of whidi Paris occu- 
pies nearly the centre, with their annexes, explanatory 
notices, longitudinal and vertical sections, photographic 
perspectives, etc. It should also be borne in mind, that at 
this period there were many obstacles to be eoeountered. 

The limited number of the members of the service , all of 

* 

whom had other special functions to perform, in addition 
to their geological duties; financial necessities, defective 
organization of the service; all these circumstances con- 
curred in retarding the progress of the work. 

In 1 87iSi , a new arrangement of the service was neces- 
sitated by the death of the learned and illnstrious man at 
the head of the work. The direction was confided to 
M. Jacquot, inspector general of Mines, and in the course 
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of 1875, en the propoeition of M. Cailiaux, Minister of 
PoUic Works, the National Assembly, justly impressed 
widi the importance of die undertaking, did not hesitate 
to renew a grant, by the aid of which the publication of 
from Iwelfe to sixteen sheets per year may be expected, 
consequent upon the employment of an additional num* 
ber of assistants, so diet the completion of the work 
may be looked forward to, in a period of from sixteen 
io twenty years. 

The actual staff of the geological map service is conn 
p6sed of 

MM. Jacqcot, inspector of Mines, director. 

MoTssENKT, mining engineer, director of the assay 

department in the School of Mines. 
Edmond Fuchs, A. Pottbr, A. dk Lappabent, H. Dou- 

viLLf, engineers. 
GtYERDBT, attached to the collections. 
Jbdlinsxi, principal garde-mines, charged with the 
graphic work. 
Besides indicating the authorities consulted, each sheet 
mentions the name of the engineer or engineers entrusted 
with the survey. 

The publication has, hitherto, been carried on at the 
National Printing Office. 

DOCUMENTS EXHIBITED. 

These comprise : 

1 . A central panel formed by the union of twelve 
sheets representing the extreme north of France. 

Although the advantage of ihe grant* voted by the As- 

q6. 
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»embly in 1876 can only be realized in the course of 
1876, the geologic map service is now able to exhibit a 
new series of twelve sheets, all published or in the press, 
viz.: 

N° 3 (Boulogne), 4 (Saint-Omer), 5 (Lille), 6 (Mon- 
treuil), 7 (Arras), 8 (Douai), li (AUieville), 1:1. 
(Amiens), i3 (Gambrai), so (NeufchAtel), at (Montdi* 
dier), as (Laon). 

The panel , composed of twelve sheets united , shows the 
northern limit of the Parisian basin, in contact with the 
upheaval known as the axis of the Artois. It includes also 
the Bas-Boulonnais , where numerous strata crop out, and 
the greater part of the district of Bray, of which the irregu- 
lar upheaval is observed in bold relief, in the middle of 
the plateaux with a substratum of chalk, in Normandy and 
Picardy. The influence of this upheaval is obviously ma- 
nifest in the rectilinear direction of all the valleys in 
Picardy, as well as by the lower chalk cropping up at the 
surface, in those valleys following the axis of the parallel 
anticlinal bends. 

The underground survey of the coal basin of the Nord 
and of the Pas-de-Calais has been made with scrupulous 
care. After drawing up a detailed abstract of all the bor- 
ings for coal, a special plan indicates on the map the 
curves of level which show the appearance of the ancient 
surface, at its contact with the cretaceous deposit known 
under the name of tourUa. On the Arras sheet these curves 
are conspicuously important. 

They enable an intimate relation to be established be- 
tween certain accidents of depth and external features 
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which characterise the convexity of the Artois and the 
faults by which it is accompanied. 

The numerous faults in the Bas-Bonlonnais have been 
depicted with all possible accuracy, as well as those which 
on the NeufchAtel sheets bound at the north-east the 
upheaval of the district, of Bray. Also, on the sheets of 
Douai and Gambrai , care has been taken to omit none of 
the croppings of eocene sand and plastic clay, which occupy, 
for the most part, singular positions in the fissures of the 
chalk , owing to a convulsion or falling in , after their deposit. 

Mining operations are indicated on all the sheets , by a 
sign characterising the substance worked. 

3. Two side panels with different specimens of sheets. 

The left side panel contains , besides the title sheet and 
introduction, a longitudinal section carried across the 
Beauvais sheet, in a transverse direction to the axis of the 
district of Bray. Below, is a copy of the Arras sheet, with 
the curves of the level of the ancient surface. 

The right side panel comprises a trial sheet on the 
lio ooo^, relating to the outskirts of Paris, two sheets of 
vertical sections, one for Paris, the other for the environs 
of Beauvais, and two photographs of quarries, reproduced 
by the photoglyptic method, and in which the perspective 
has been arranged in accordance with the corresponding 
geological scale, by^a geometrical diagram. 

3. A longitudinal section on the ^ and -^ carried 
from north to south, across the Paris sheet, is figured 
below the three panels. 

A. A special panel , comprising the* Calais sheet, shows 
the results of the survey undertaken by two of the engi- 
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neers of tbe geological serviee, MM. Potter and de Lap-^ 
parent, with a view to the construction of the submarine 
tunnel between France and England. The croppings up 
of the strata of gault, glauconite clialk^ and marly chalk, 
und^ thasfraits between Calais and Dover, are represented 
as shown by the boring operations. The existence of two 
dips has been remarked in the bearing <A these croppings; 
one on the French, and the other on the English side, 
between which no geological irregularity of importaoce 
is anticipated. 

This submarine geological survey has been traced ac- 
cording to the plan attached to the report of the French 
submnrino railway association , and is exhibited with their 
permission. 

5. Map on the —^ of the touA-wettem dUtriei of ihe 
Morvan. Environs of StmU-Himori^leM^Bams. 

The environs of Saint-^Honor^ are principally composed 
of porphyritic rocks bordered on the east by a granitic 
mass north-eastrsouth-west, and disappeariog in the west, 
following a general north and south direction, under a 
covering of Jurassic and tertiary deposits. 

Among the varied porphyritic rocks of this district, the 
most ancient appear to be volcanic, and are accompanied 
with tufa , diamorphic and metamorphic rocks. Their freest 
type agrees with the black anthraciferous. porphyries, the 
epoch of which can be assigned with precision in the out- 
skirts of Autun , where they are covered by the upper coal 
stratum. Towards (]hamproberl and the east of Villa- 
pour^on, they arc superposed by outliers of carboniferous 
limestone. 
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In ibe middle of this formation of intermediary por-> 
phyritic rocks 9 appear vast masses of acid quartziferous 
porphyry, extending through all Morvan , and of which the 
age can be determined with equal facility , since on the 
one hand, they traverse the lower coal measures, and on 
the other, pebbles are found in the conglomerate of the 
upper coal stratum of Autun. Nevertheless, some of these 
porphyries appear to traverse the first strata. 

The following formations are indicated in the map ex- 
hibited : 



8BMMUTAM STiATA. 



■lUPTIVB aOGK». 



AUiivial 

Tertiary slrata. 

Inferior oolite. 

Lias QuarUose veins. 

Upper cmI loriDation Granitic pinite. 

Talooos eurite or granite. 

Qaartziferous porphyries 

with large crystals. 
Lower coal Ibrmation. . . / Porphyrkic sandstone. 

Black porphyries. 

Porphyritic tufas. 

Quartxiles. 
Carboniferous stratum. . Carboniferous limestone. 

DflVMuaa stratum Granaiiles. 

Silurian stratum Granite with large crys- 
tals. 

The carbofUfsreuB Ume$tfme formation is represented by 
the marbles (ChamprdKrt)aDdealciferous sdiists (east of 
Viilapour^on ). The limits of these croppings are marked by 
large fraetures. 
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The lower coal foimatioii may be divided into four stages : 

i. The base is composed of metamorpkic quartziles. 
frequently pyriiouB, which commence by conglomerates 
with quartzose pebbles, and terminate in breaches already 
porphyritic. 

!i. These breaches pass to the porpkyritic tufas, con- 
taining in great abundance fragments of crystals much 
broken, and of very different dimensions. The older quartz 
and mica are found associated with hornblende, often 
transformed into serpentine, and with numerous frag- 
ments of felspar, especially triclinic. The magma is amor- 
phous, fluidal in mass, and here and there presents some 
veins of poncreted chalcedony. 

3. The black porphyries are rocks analogous to the 
preceding, but more compact, less acid, and often fluid 
by microlites. 

&. Finally, the rosy porpliyritic sandsUmt constitutes, 
in the environs of Saint-Honor^, the most elevated term 
of the series, and appears analogous to that contained in 
the layers of anthracite in the Loire. 

The veins of quartztferou$ porphyry which cut the pre- 
ceding series may be divided into three categories : 

1. Porphyries of the lower coal meaeures, with large 
cry$taU, brown, red, mottled, or even entirely black, 
with blackish pinite and chlorite or magnesian mica, some- 
times with a substance aphanitic , sometimes with a magma 
entirely crystallized, and visible to the naked eye. 

Submitted to the microscope , these porphyries present 
all the combinations between the micro-granulites (Lusy) 
and the micro-pegmatites (summit of mount Geni^vrc), 
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and frequently coDstiiute beautiful micron-pegmatites with 
starrings (les Forges near Chides). 

a. Porphyries of the lower coal formation, mostly granitic, 
of a pink or greenish element, rich in talc, and containing 
a greenish pinitoid substance, but destitute of real pinite 
in hexagonal prisms. These rocks also pass from varieties 
entirely crystallised, to absolutely compact silicious stone. 
By the aid of a magnifying glass, small globules may be 
distinguished, which give them an oolitic appearance. In 
^ the microscope they present beautiful varieties of micro- 
pyromerides with globules clustered together in a granu- 
litic magma rich in talc. 

3. Euriiic or granitic forfhyries of the upper coal forma- 
tion, with a grey or pink element, containing real pinite 
and resembling the elastic eurite of the Selle near Autun. 
In the microscope, these rocks are delicately spheroidal. 
The greater part of their globules are extinguished under 
the crossed nicols » but some of them present indications 
of black cross. 

The porphyries of the lower coal foramtion fill extensive 
sheaves of fractures, tending N. a<^'' E. and N. SS^'So' E.; 
those of the upper coal formation appear almost always 
in a direction nearly east and west, are besides not very 
abundant. 

To the eruptive rock-dykes in the district, succeed veins 
concreted with quartz, barytine, fluorine, hematite, py- 
rites, and galena. This is the ordinary filling of the veins 
of the Uaeic arkosee. 

The mineral waters of Saint-Honor^-les-Bains were 
used by the Romans, and appear to have their source in 
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one of these veins, at its point of meeting with the wall 
of a porphyritic dyke. 

6 and 7. EidargBd phol€grapk$ o/" enftke roeh c^U U 
tkm vUims 

Each of the groups of photographs exhihited comprises 
six different rocks, reproduced with an eolai^ment of 
from 3 o to So diameters. The apparatus, constructed by 
M. Nachet, permits the employment of polarized light 

Tahleau n"* 6 reproduces the granites, granulites, and 
pegmatites collected in France and in the Colorado. It 
indicates the analogy existing between the two granitic 
and granulitic series in Europe and America, and gifes 
examples of the frequent mixtures of ortbose, microtine 
and albite, presenting themselves under the form of recent 
felspar, and filtering through the quartz the debris of the 
old felspar, lumped together. 

Tableau n"" 7 comprises porphyritic types principally 
collected in the Monran. It shows the fluidal slructttre 
of the black anthraciferous porphyries, the micro-grsn- 
ulites, the micro -pegmatites and the micro -pyromerides 
with globules in extinction , previous to the upper coal 
formation , and finally the fluidal structure and the petro- 
silicious veins peculiar to the permian quartciferous por- 
phyries. 

The surveys relating to the plans and designs exhibited 
under n** 5, 6 and 7, were made by M. IftcHai L^, 
mining engineer, who also assisted at the prq[>aratioo sf 
tlie geological map. 



LX 
GEOMETRY OF THE «r PENTAGONAL ROSEAU ^ 

AND GRAPHIC SPHERODESY. 



Instronients (case). 
Spherical drawings (modek). 
Plane drawings (panel and portfolio). 
Notices (thin books). 

The geometry of the pentagonal r^seau being suscep- 
tible of application irrespectively of geology, a separate 
collection has been made of the models, maps and papers 
intended to popularize the knowledge of it, as also the 
method of drawing on a sphere. Although these subjects are 
combined for the study of the r^eau and of the geological 
alignments, they have themselves a more general range. 

A. Dtreciiorufor the practice of geametrieal dramng on the 
sphere, and for its application to get^dphy and geology. (Ex- 
tract from the Annales des Mines, 1875.) 

B. Sphere in stucco representing the terrestrial globe di- 
minished to the 100 000 000^ (the one hundred mil- 
lionth). Radius*=o",o637, circumference-* 0", 4, a degree 
« o",ooi 1, a grade =»o"*, 001. 

C . Spherodesie instruments adapted to the precedit^ sphere. 
Rule (great circle), square (bi^right-angled-triangle); 
compasses (beam compasses). 

D. Spherical drawing of the geodesic duodecimal , shovfing 
the meridians and parallels at every 1 o degrees. 
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E. Sfhmcal drawing of the geodesic decimal, showing the 
meridians and parallels at every i o grades. 

F. Spherical drawing of the pentagonal riseau, comprising 
the plan of the isi principal circles: regularly coloured. 

G. Plane drawing entitled the pentagonal Reseav summ- 
ing up the relations of the five regular solids estMished in 
geology as the principle of co-ordination oftlie systems of moun- 
tains and of other facts (^alignment, by M. Em de Beaumont, 
i85o. 

This drawing, which was executed in 187/1, presents, 
with an explanation in detail , the orthogonal projection of 
the r^seau on the plane of one of the primitive circles and 
its gnomonic projection, for the quarter of the sphere, 
on the tangential plane which is the horizon of the centre 
of a pentagon. It corresponds to the spherical drawings 
(F), and the figures are composed of the saime tat prin- 
cipal circles 9 and coloured in the same manner. 

H. Applications of the preceding plane drawing. Examples 
of geometrical itineraries of circles of which the poles are 
given. 

K. Notice entitled : On tlie pentagonal riseau of M. Eus 
OB Beaumont. (Extracted from the report of the Geological 
Society, 1875.) 

L. Besides the directions (G) and the notice (K), the 
models, maps and papers exhibited under the number LX 
are accompanied by an explanatory notice by the principal 
author M. A.-E. Bbguybb db Changoubtois, engineer in 
chief of Mines and professor of geology at the National 
School of Mines, who there mentions the names of the 
different contributors. 
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STUDY OF THE GEOLOGICAL ALIGNMENTS 

AND 

APPLICATION OF THE « PENTAGONAL RKSKAU. - 



Chart of survey on the 80000^** (panel). 

Globe with special mounting (model). 

Gnomouic planisphere (panel and portfolio). 

Numerical tables, dissertations, notices {thin books). 

The study of the geological ali'gnments, caused by the 
stratigraphic surfaces of the terrestrial crust, adjacent Jo 
the vertical , is continued from the facts of the last detail 
which directly concern the working of mineral deposits, 
unto the facts of the ensemble relating to the distribution 
of these deposits and of the eruptive phenomena. In all 
the degrees y these facts are shown in relation to orographic 
and hydrographic data. As a starting point, the result of 
a local study touching on the practical, is first presented. 
Then come an apparatus arranged to facilitate the most 
general theoretic study on the entire surface of the globe, 
and the application of the pentagonal r^seau of M . Elie de 
Beaumont, — a gnomonic planisphere constructed for 
the same purpose, — also, the first results of the em- 
ployment of these means of . investigation and demon- 
stration. 

STUDY REFERRING TO A DISTRICT. 

A. Distribution of the mineral gites suborditiale to tlie sedi- 
mentary deposits, by groups of aligfiments parallel to tlie other 



382 STUDY OF THE GEOLOGICAL ALIGNMENTS. 

geological alignments and to the bearings of the nunmtaiH sys- 
tems in the region of the Upper Mame, represented on the 
geological chart of this department on a scale of the 
80 000^, with a compass of bearings observed. 

B. Stratigraphic studies, joined to the preceding chart. 
Papers in which M. Elie de Beaumont has treated the ob- 
servations upon the relations existing between the bearings 
ascertained , and those of the circles of comparison of his 
systems of mountains, and M. B. de Chancourlois, after 
describing the facts of the alignments which he has observ- 
ed, and which form the. subject of the preceding remarks, 
extends this study to the third north-east of France, by (he 
aid of the geological chart on the scale of the 5oo ooo*^. 

STUDY CARRIBD THBOUGH THE SDBFACB OF THE GLOBE. 

C. Tables of the numerical data filing the circles and 
points of the pentagonal riseau, published by M. Elie de 
Beaumont in the Transactions of the Academy of Sciences, 
i863and i856. 

D. Application of tlie pentagonal riseau to the co-ordmatim 
^f petroleum springs and bituminous deposits, extended to the 
coordination of the points or lines of eruption and emanation 
and of mineral gites in general. Paper of M. B. de Chan- 
i^onrtois. (Extracts from the Transactions of the Academy 
of Sciences, i863.) 

One of the conclusions of this paper is that the align- 
ments are grouped on the globe, in systems o( great' circk$ 
connected, each system being determined by one great 
normal circle. 

E. Globe on the scale of Hie 5 000 000^. With the sphe- 
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rodesk instruments ( see LX ) and by nieains of tbe numer- 
ical data of the tables (C), as a preliminary, dm 3i JSrsl 
principal circks ff the pentagmud riseau are traced upon 
tbis globe. Tben, witb tbe same instruments, and tbe 
armillaire before mentioned (F), are traced soioe of the 
alignments described in tbe paper (D). 

Among others is traced notably the sy^em of great cirele9 
which has far ii9 twmud the primtiw of the Rhine. There are 
in this system some terms particularly worthy of remark , 
viz.., the* circle of comparison of the Pyrenees which passes 
by Etna, where its bearing is observed in the principal 
ridges of the Val del Bove, and tbe groups of lines of 
fracture which may be followed from the gttes of petro- 
leum of Bakou, at the extremity of the Caucasus^ to the 
gttes of the region of Ohio, and from the month of the 
Volga to the mouths of the Mississipi. 

F. ArmiUaire a coupoles, fitted for the study of the facts 
of alignments on the geographical globes, and especially for 
the verification or enquiry into the systems of alignment 
subordinated to one normal. 

It allows the globe to be turned round tbe axis of the 
poles of a given normal, and this axis to be brought 
into the plane of the horizontal limb , at the level of which 
the rotation of the globe presents successively all the 
alignments of the system actually studied. 

6. OcTO-PLAffiSPaBBB Gnojfoiiic. Mtf of die globe delineaied 
in gncmanic projection on the eight faee9 of a regulcar cireumr 
$eribed octahedron of which the eight tnang^es juxtaposed 
show the development with indication of the principal 
points of the pentagonal r^eau which mark on ihe recti- 
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linear tracing of this r^au , constmcted for the #ta<^ of the 
geographic alignmentt in general hyM.B, ds Cbancodbtois. 

The globe to which this map corresponds is the redac- 
tion of the terrestrial globe to the loo ooo ooo'''. One 
of the axes of the octahedron is put in coincidence with 
the axis of the poles, and two of the edges correspond to 
the meridian of the Ile-de-Fer. 

By the principle of gnomonic projection, the great cir- 
cles of alignments are represented by straight lines, but 
these, in their development, assume the form of a poly- 
gon. An accessory map furnishes the means of construct- 
ing the polygon, determined by one of its sides, or by 
two points belonging to two different faces. 

H. Notice on ilte nmp of the globe in gnomonic projection, 
pointing out its advantages not merely to geology, but to 
hydrplogy and meteorology. (Transactions of the Academy 
of Sciences, 1878.) 

K. Studies of systems of alignments on the gnomonic octo- 
plmiisphere , affording, with or without the tracing of the 
pentagonal r^seau, the principal systems of alignments 
described in the paper of M. B. de Ghancourtois . before 
mentioned (D). 

L. An explanatory notice more detailed than the pre- 
sent accompanies the models , maps and drawings exhi- 
bited under number LXl , and terminates by showing their 
correlation. It indicates the part taken in the preparation 
of this exhibition by M. Bbouyrr de Changoortois, engineer 
in chief of Mines and professor of geology at the National 
School of Mines, and also mentions the names of his 
fellow contributors. 
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MAP OF THE BEDS OF PHOSPHATE OF LIME 

KNOWN OR ACTUALLY WORKED IN FRANCE. 



Since the year i855, the extraction of phosphate of 
lime has attained a great development. The explorations 
undertaken by M. de Molon, according to the geological in- 
dications furnished by M. Elie de Beaumont, showed that 
phosphate of lime , in concreted nodules , existed along all 
the outcrop of greensand in the north and north-east of 
France , the Pas-de-Galais , the Ardennes , the Mouse , etc. 
Its existence was also established under analogous condi- 
tions of deposit, in the Perte-du-Rhdne (Ain) and in the 
Drdme. More recently M. Poumar^de discovered the beds 
of phosphorite at Quercy (Lot and Tarn-et-Garonne), while 
nodules were observed at various levels in the chalk for- 
mation. At length M. de Melon discovered phosphorite at 
the base of the lower oolithe, in the department of Calva- 
dos, but up to this time no attempt has been made to 
work this deposit. 

The agricultural importance of this mineral is such 
that it has been deemed necessary to delineate , on a spe- 
cial map, the various deposits known or worked in French 
territory. 

In the following classification different colours are used 
to distinguish the various deposits : 

1. The tertiary deposits, viz. those of Tarn-et-Garoone , 
the Lot (or Quercy) and the Aveyron , where the concreted 
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phosphorite fills the hollows and fissures of the Jurassic 
limestone. The advent of the mineral matter appears to 
have coincided with the appearance of iron in a granulated 
form and the deposit of Parisian gypsum. 

The phosphorite of this region, called Quercy, contains 
as much as 70 p. 0/0 of phosphate of lime. A large quan- 
tity is sent to En^and, where, by the aid of sulphuric 
acid, it is changed into superphosphate. This process is 
also carried on in France, at the works of Cheuny, through 
the agency of the Society of Saint- Gobain. 

In the Lot, the Tam-et-Garonn*e and the Aveyron, this 
mineral is worked in more than 35 communes. But the 
deposits are so thin that no great length of time can 
elapse before their exhaustion. 

d . The depomis in the tipper chalk, viz. those observed by 
M. Meugy in the dun de la Flandre , at the base of the 
white chalk and at various depths in the chalk of the Ar- 
dennes; also those remarked by M* Guillier in the chalk 
of the Sarthe, and those in the Ardennes at the base of 
the chalky marls, in which the phosphate is often found 
in the form of coprolithes. 

3. The deposits in tlie greensand. These are the most 
abundant and most regular^ and form beds of concreted 
nodules and fossils transformed into phosphate of lime 
and of iron; they are found in the green chalk, in the 
clay and the greensand. Till lately, the greensand depo* 
sits were only worked on the eastern border of the Pari- 
sian basin , but they have been recently discovered an the 
southern side, and are worked at Vailly near Sancerre, in 
the department of the Cher. 
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The deposits capable of being profitably worked are 
indicated on the map by a dark tint, while those in which 
the Dodnles are disseminated in small quantities, are dis- 
tinguished by a light tint. 

In 1873, the quantity extracted in the department of 
the Meuse attained to /ii ,000 tons, and about 38,000 tons 
in the Ardennes. It is estimated that die department of 
the Meuse can supply 80 millions of tons of nodules, two 
thirds of which can be extracted in open air or by little 
shafts. The other third will require* regular underground 
working. 

The average quantity of phosphate of lime contained 
by the nodules varies from &o to 5o p. 0/0, and the 
price is from 99 to 3 1 francs per ton. 

In the Pas-de-Galais , the average is comprised between 
37 and 5o p. 0/0, and the price per ton, pulverized, is 
from &o to 5o francs. 

The nodules of the Perte-du-Rh6ne contain Sop. 0/0 
of phosphate, and those of Glansayes, in the Dr6me, 
35 p. 0/0. 

The phosphate nodules everywhere accompany the 
outcrop of greensand, but in Normandie, as also in the 
Orne, the Ni^vre, the Yonne, the Aube and the Marne, 
the beds are not sufficiently large to be worked profi- 
tably. 

h, A special tint has been adopted for the beds of phosphorite 
which do not enter into any of the preceding categories, as 
in the case of those disseminated in the Jurassic formations 
or the older rocks (apatite de Ghanteloube). Microscopic 
exaolination has lately shown that a great number of the 
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primitive rocks contain apatite in close alliance, bu4 this 
substance has not yet been found in paying quantities. 

The map has been drawn by the aid of documents fur- 
nished by the museum of mineral statistics of the School 
of Mines, completed by the observations of M. dAmblt. 
engineer in chief, and MM. Laghat, Cbossoh and Nivorr, 
resident engineers. 

The work was executed under the direction of M. Dag- 
BB^, inspector general, member of the Institute, director 
of the National School of Mines, by M. bb Lapparent, re- 
sident engineer, assistant conservator of the collections 
of departmental statistics, with the aid of M. Lbiabd, 
draughtsman. 



LXIII 
HYDROLOGIC MAP 

OF THE DEPARTMEJNT OF THE SEINE AND MARNE. 



Map on a scale of 77^;^ (one hundred thousandth). 

The hydrologic map of the department of the Seiner 
et-Marne shows the subterranean sheets of water in the 
region of the Brie, figured in conventional colours. Their 
form has also been determined, in accordance with a geo^ 
logical survey of the subjacent strata, as well as the levels 
taken in a system of wells or shafts. Their upper surface 
is represented by the numbers above the level of the sea , 
which have been obtained for each shaft, and by horizon- 
tal curves 90 metres apart, so that it is easy to under- 
stand their mode of flowing. 

In the region of the Brie, the principal underground 
waters capable of being clearly defined correspond to the 
most important clay strata, i. e. to the green and plastic 
clays, and in some hills, to the millstone clajrs of the 
Beauce. 

In addition to this, the subterranean sheets attributed 
to filtration correspond to the various water courses 
which traverse the Brie, and especially to rivers like the 
Seine aftd Marne. 

That borne by the green clays is by far the most im- 
portant, since it supplies the wells of the plateau of the 
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Brie, while in the valleys the wells are supplied by the 
filtration of the subterranean sheets. 

The bydrologic map of the department of the Seine- 
et-Marne indicates the relief of the surface by means of 
horizontal curves, determines the depth at which the 
subterranean sheets of water can be reached, and shows 
the relations existing between the sheets of water and the 
geological formation of the ground. It shows, in parti- 
cular, the action of the waters in a permeable soil, such 
88 chalk , a consideration entitled to some attention at 
the present time, when the project of a tunnel, be- 
tween France and England, is being contemplated. 

This map was drawn by M. Dilkssb, engineer in (^ief. 
professor Bt the School of Mines. 
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AGRICULTURAL MAP OF FRANCE. 



A map on a scale of ^^^^^,^^, (one four millionth). 

On ibis map the different cultures are shown by con- 
ventional colours , of which the shades are deeper as the 
revenue is more considerable. 

The products of the arable lands which occupy the 
greatest part of France vary every year, but it is still pos- 
sible to estimate in money the average annual revenue 
per hectare. By studying the amounts given for the can- 
tons » and keeping well in mind the form of the latter, as 
well as the altitude and mineralogical composition of the 
soil, curves have been traced corresponding to annual 
revenues of ao, 4o, 60, 80, 100 and lao francs. 

For the woods, meadows, and vines, of which the cul- 
tivation is permanent, curves indicating equal revenue 
have been traced, according to the average per hectare. 

Their conventional colours being assigned to the woods , 
meadows, and vines, the shades have been graduated ac- 
cording to their revenues, and they are limited by the va- 
rious curves which correspond to them. 

The map exhibited is a reduction of the work to the 
very small scale of 6,000,000; it however furnishes a 
means of appreciating the distribution of the agricultural 
riches of France. 

This map was drawn by M. Drlbssr, engineer in chief, 
professor at the School of Mines. 
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GEOLOGICAL PROFILE FROM PARIS TO BREST. 



Scale of j^^ (one forty thomandUi) for the leojitht. 

Scale of j^ (one two thousandth) for the heights. 

The profile follows the track of the railway which, 
starting from Paris, passes through Bonneval, Chateau- 
dun , VendAme , Tours, Angers, Nantes, Vannes andQoim- 
per, and terminates at Brest. Several classic regions are 
traversed in this journey, which embraces the Parisian 
basin, the Beauce, Touraine, the valley of the Lwre and 
a part of Brelagne. 

On this profile may be followed in succession the dif- 
ferent geological formations which have been marked ail 
along the line of railway. Their position is specified by 
their elevation above the level of the sea, so that not* 
withstanding the exaggeration of the scale of heights, it 
is easy to understand their relative bearings. 

In the region of the Beauce , the subterranean sheets of 
water have been specially studied. 

The profile also furnishes particulars respecting the 
materials of construction supplied by each geological for- 
mation , as well as upon the vegetable soil and the nature 
of the cultivation. 

Geological studies of this character would be eminently 
useful, if undertaken before the execution of a line of rail- 
way, since they would give a just idea of the difficulties 
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to be encountered in its construction, and would point 
out the resources to be calculated upon in the districts 
traversed. But even when made after the completion of 
the line, they still afford data valuable to science and to 
industry. 

By order of M. de Franqueville , director general «des 
Fonts et Ghauss^esv and of Bailways, these geological 
studies have been pursued byM. Mille, inspector general, 
in a great part of France. 

The geological profile from Paris to Brest has been 
executed under the direction of M. Mille, engineer in 
chief ((des Fonts et Chauss^es^^ by MM. Trigbr, civil engi- 
neer, Delbsse, engineer in chief of Mines, ThobiS, resident 
engineer «des Fonts et Chauss^esT?, and Guillibr, con- 
ductor (^des Fonts et Chauss^esv. 
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LITHOLOGIC CHART 

OF THE SEAS OP EUROPE. 



A chart. 



This chart is drawn according to the hydrographic 
works, and shows the nature of the rocks found at the 
bottom of the European seas. 

The basins of these seas are indicated » in the first 
place, by horiiontal curves, traced according to the depth:» 
given by numerous soundings. The rocks distinguished 
are the various stony rocks, clay, mud, sandy mud, muddy 
sand, sand, gravel and shingle. They are represented by 
conventional colours ^ as in works on geology, but one 
colour indicates onl^ one lithological character. Deposits 
rich in shells have also been marked out and are indicated 
by hatchings. 

Amongst the rocks forming the bottom of the seas , some 
are anterior to the present epoch and are wearing away 
by corrosion , so that they are not covered by deposits. 
They may be stony, as granite, sandstone and limestone, 
but they are often soft, as clay, or even completely mo- 
vable, as sand and shingle. These rocks anterior to the 
present epoch are specially noticed where prominences 
occur, as in straits, and generally in those localities 
where the action of currents is particulary strong. The 
rocks belonging to deposits of the present epoch are esscn- 
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tially movable, and fill those parts which present hollows 
or depressions. They also cover the plateaux, and accu- 
mulate more especially in bottoms over which the water 
passes slowly. 

The geologic study of the coasts, compared with the 
results of soundings, sometimes assists in tracing under the 
sea the continuation of the rocks which are out of the 
water; it also allows some outlines of a sub-marine geolo- 
gical map to be sketched. 

This chart is the work of M. Dblesse, engineer in chief, 
and professor at the School of Mines. 



LXVil 
VEINTILATION OF THE GLAZED COURT 

OF THE LABORATORIES OF THE SCHOOL OF MINES. 



Three drawings (*^ 
I . Plan. ^ 9. Section of the hretdth. — 3. SedioD of Ibe leogih. 

These drawings show the whole of the glazed roonb 
and the sand-baths, the fireplaces of which warm the 
great metal chimney and create the draught This chim- 
ney receives all the noxious gases from the glaied rooms, 
as well as the vapours from the sand-baths. 

The great chimney in copper is supported by a stone 
pillar, to which are attached the granite washing stones. 

The upper part of this chimney is surrounded by a 
glazed covering or sky-light, with a round orifice to lei 
out the air more or less impure. 

Four air-shafts lead from the cellars to the^ surface 
and on each side of this court. 

This project is due to M. Wallbz , architect of the School 
of Mines. 

^'^ These three drawings are accompanied by a frame coniaining four 
engravings, representing : 

The plan of the whole of the buildings of the School of Mines; 

The plan of the ground-floor of the laboratories ; 

The plan of a pupil's laboratory, and plans and sections of a sand-balb 
ill a pupils' laboratory. 



LXVIII 



NATIONAL SCHOOL OF MINES. 



INSTITUTION AND OBJECT OF THB SCHOOL. 

This School was first instituted in 177B, and subse- 
quently re-established in 1816. The control is vested in 
the department of Public Works , and its principal object 
is to furnish the training and instruction necessary for 
the engineers required by the Government for the mining 
service. 

Independently of the engineer pupils, the School receives 
^l^ves externes , foreign pupils [Strangers) , and pupils unat- 
tached [Ubres). 

The en^Vi^er pupils, who are taken exclusively from pu- 
pils leaving the Polytechnic School , are alone eligible for 
the Government service, and are nominated by decree. 

The ^l^ves externes are prepared for the various posi- 
tions offered by commerce and manufactures , and in par- 
ticular, to enable them to become engineers or directors 
of mines or mineral works. 

They are admitted by competition, conformably to the 
annexed double programme ^^K 

The foreign pupils are admitted by a decision of the 
Minister, on the request of the ambassadors or chargi^s 
d'airaires of foreign powers. 

The pupils unattached (libres) are, at their own re- 

<') See documents presented to the Universul Exhibition at Philadelphia. 
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quest , simply authorised by the Minister to follow the stu- 
dies and lectures of the School. 

The course of study is the same for the various pupils, 
but the foreign and unattached pupils can only partici- 
pate in the practical exercises , in proportion to the num- 
ber of places disposable, in the laboratory and in the 
drawing school. 

At the dose of each scholastic year, the engineer pupils 
and ilhwes extemes pass examinations on the courses fol- 
lowed. The foreign pupils have the option of presenting 
themselves, but the unattached pupils are not admitted 
to these examinations. 

On leaving the School the engineer pupils are appointed 
resident engineers of the 3 "* class, and the ^l^ves extemcs 
whose acquirements are satisfactory receive a certificate 
of merit and are authorized to bear the distinction of cv- 
tijieaied (breifitii) pupils of the NaJbmd Sdunl of Mme$ m 
PartM. 

The foreign pupils receive simply the certificate of 
merit. 

PRBPABATORY COUBSE. 

To facilitate admission to the rank of iUwes extemes, 
preparatory courses were instituted at the School of Mines, 
by a ministerial decision of 96^ December 18&&. These 
courses are followed by two classes of pupils : 

The Mular pupils of the preparatory courses are admitted 
by the Minister after a competitive examination , and the 
unattachejd pupils, either French, or foreign, who are 
simply authorised by the Minister, on making personal 
application. 
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The pupils of the first of these divisions, only, are re- 
quired to pass an examination at the close of the scholastic 
year. 

Candidates for the position of titular pupil in the pre- 
paratory course must fulfil the conditions required in the 
annexed programme. (Preparatory courses.) 

The preparatory studies consist of four oral courses of 
lectures and practical exercises. 

The courses comprise : 

1^ Ideas of infinitesimal analysis and mechanics; 

a"" Descriptive geometry, pure and applied ; 

3"* Physical sciences, in relation to gas and vapours, 
heat and optical instruments ; 

h' Chemistry in general. 

Two of these courses consist of ^5 to 3o lectures, and 
the other two, of 55 to 6 o lectures given from the 7* No- 
vember to the end of May, 

The programme of the courses is the same as that of 
the studies required for admission to the places of ^l^ves 
externes, with the exception of geography and cosmo- 
graphy. 

The practical exercises consist in geometrical drawing 
and shading. 

COORSE OF THE SCHOOL OF MINES. 

The principal objects of the instruction given at the 
School are the opening and working of mines and the 
treatment of mineral substances. 

It embraces three years of study, and comprises, in ad- 
dition to the lectures, practical exercises and travelling 
studies. 
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The pupils of ihe first year attend the seven courses of 
working and machines, metallurgy, mineralogy, assaying, 
geology, paleontology, and drawing plans. 

The pupils of the second year, the second part of the 
four courses of working and machinery, metallurgy, as- 
saying , and geology. 

The pupils of the third year, the four courses of in- 
dustrial constructions and railways, mining legislation, 
administrative law and industrial economy, agriculture, 
drainage^ irrigation and military fortification. 

The oral teaching comprises in addition German and 
English , and the pupils are compelled to attend the course 
of one of these foreign languages. 

The oral courses open each year, from the 7^ to the 
1 5^*" November, and close on the 1 5^ April. 

The practical exercises are thus divided : 

During the term of study, the pupils of the first and 
second year work alternately in the laboratory and at 
drawing; they also study the collection of the School of 
Mines and visit the manufactories and works in the neigh- 
bourhood of Paris. 

After the May examinations , the pupib of the first year 
are exercised in chemical analyses till the 1 5^ July, and 
in plan-drawing till the 1 5^ August The vacation com- 
mences at that date, but they are expected to visit, for 
three weeks in September or October, one of the principal 
mining and smelting districts in France or Belgium. 

During the first fortuight in June, the pupils of the se- 
cond year attend a course of geology under the direction 
of their professors, and afterwards in the summer they visit 



NATIONAL SCHOOL OF MI^ES. AOt 

various mining and manufacturing districts, in accordance 
with a programme drawn up by the (Council of the School. 
On their return they communicate their impressions in 
reports illustrated by drawings and sketches* 

Each pupil of the third year is expected to draw up a 
plan of working (exploitation) and a plan of metallurgy, 
and to terminate the third scholastic year, the engineer 
pupils make a second journey for instruction, of about a 
hundred days. On their return, they are obliged, as before , 
to draw up reports* on the different establishments to which 
their attention has been drawn. 

The second journey is optional for the ^l^ves externes. 



INTERNAL REGULATIONS. 



The pupils are expected to remain at the School every 
day during the hours allotted to the courses of study and 
practical exercises, neither can they leave the School be- 
fore the appointed time, unless authorized to do so, by the 
inspector of studi^ , or the director. 

A muster is made in order to ascertain the presence 
of the pupils at the time appointed. 

No pupil is allowed to be absent for one or more days , 
without the permission of the director or inspector of the 
School. 

For constant attendance at the courses and practical 
exercises, marks are awarded to the pupils, which in- 
fluence their definitive classification. Default of assiduity 
involves the loss of a certain number of these marks, and 
renders a pupil liable to expulsion from the School. 
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B\AMi:«ATiO;^S. 

Examinations lake place at the ctose of the schoiaslir 
year, upon all the subjects , including the foreign lan- 
guages (German and English). 

All include an oral examination, in addition to a written 
composition. 

Rising from one division to another, and the definitive 
classification of the pupils , depend upon the number of 
marks obtained in all these trials collectively, including 
constant attendance at lectures and practical exercises. 

On leaving the School , the engineer pupils choose , in 
order of precedence, among the residences or positioos 
vacant, and the ^l^ves externes who have gone through 
the degrees required, receive the brevet spoken ofatfii^ 
commencement of this notice. 

Prizes are awarded to the engineer pupils and the Sieves 
externes who have distinguished themselves by tbeir vfoA 
at the School or by their travelling journals. These fads 
are mentioned in the brevets. 

The authorities of the School cannot guarantee appo/ni- 
mcnts for the Aleves externes. but generally speaking? uie 
influence and connections of the School are sufficient to 
procure positions more or less lucrative for most of the 
good pupils^ 

ASSAV OFFICE FOR JIIINBRAL SUBSTANCES. 

This oflice has been established near the laboratory of 
the School of Mines since 1 84 5. Us special duty is to male 
analyses of mineral substances, which may be require 
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by the various industrial interests , proprietors of iron- 
works, mines, etc. Any person wishing a substance to be 
assayed, must leave the specimens at the School of Mines, 
accompanied by the necessary details of locality and cir- 
cumstances of deposit. No payment is received for assays 
made in the interest of mining. A report of the proceed- 
ings of the assay office is published every year in the 
Journal officieL 



NOMENCLATURE OF DOCUMENTS 

PRRSRNTBD TO THK DNIVBRSAL EXHIBITION AT PHILADELPHU. 

3 volnmee 8° and h". 

Programme of admission to the preparatory and special 
course of the National School of Mines. 

Detailed programmes of the. preparatory and special 
courses of lectures delivered at the School of Mines. 
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VARIOUS INDUSTRIES ENGAGED 

IN THE INSTALLATION OF THE OBJECTS 

EXHIBITED BY THE IIINISTBY OF PUBLIC WOBKS. 
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Iron frame of the Exhibition pavilion of the Ministry 
of Public Works, executed by A. Moisant, builder of iron 
constructions, Paris, 20, Boulevard Vaugirard. 

LXX 

Glazed terra cotta tiles of the vestibule and facade of 
the Exhibition pavilion, executed by E. Mailer and Com- 
pany, at Ivry near Paris, 6, Rue Nationale. 

LXXl 

Mosaic paving in ceramic ware, of the vestibule of the 
Exhibition pavilion, executed by Simons and Company, at 
Gateau , in the department of the Nord. 

LXXII 

Wooden gates of the vestibule of the Exhibition pavi- 
lion, also wainscot frames of drawings, executed by Bon- 
homme, uncle and nephew, Paris, lai, Rue Notre-Dame- 
des-Champs. 
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